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V I
THE EFFECTS OF VARYING ACTIVATION LEVELS UPON VISUAL 
DEPTH PERCEPTION AND THE MOTHER-NEONATE 
RELATIONSHIP IN SHEEP
CHAPTER I  
INTRODUCTION
B ijou  (1968) has s a id  th a t  developm ental psychology i s  
th e  "stu d y  o f  p ro g re s s iv e  changes in  in te r a c t io n  between a b i o l ­
o g ic a l ly  changing organism  (m aturing and aging) and s e q u e n tia l  
changes in  environm ental ev en ts  t h r o u ^  a s e r ie s  o f  l i f e  p e r io d s"  
^20/.  He has f u r th e r  ex p la in ed  th a t  "developm ental psychology 
i s  most l ik e  com parative psychology, which co n ce n tra te s  on s im i­
l a r i t i e s  and d if f e r e n c e s  in  in te r a c t io n  w ith in  and between sp e c ie s"  
/ p .  4-2£/. W ithin th e  p a s t te n  y ears  th e re  seems to  have been a 
b len d in g  o f  th e se  two a re a s  o f  psychology as r e f le c te d  by th e  
re se a rc h  review ed. A p r o l i f e r a t i o n  o f  t h i s  re se a rc h  has focused  
on th e  e a r ly  ex p erience  o f th e  develop ing  human and infra-hum an 
mammal and th e  in f lu e n c e  o f  v a ry in g  s tim u lu s  c o n d itio n s  upon sub­
sequen t perform ance.
However, th e  concept " e a r ly  experience" seems vague in  
th e  o v e r - a l l  view o f  th e  developm ental continuum w herein tim e i s  
r e l a t i v e .  T his o b se rv a tio n  h a s  been underscored  by G ese ll (19>+5) 
and more re c e n t ly  by Beach (1961). They s tr e s s e d  th a t  o n to g en es is
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in c lu d es  th e  zygo te , th e  embryo, as  w e ll as th e  p re n a te  and n eo n ate , 
and th a t  th e re  i s  a dynamic c o n tin u ity  between p h y s ic a l and psycho­
lo g ic a l  growth. Because o f  th e  g radual p ro cess  o f  growth, i t  i s  
g e n e ra lly  n o t a p p a ren t in  th e  form o f sudden t r a n s i t io n s .  T h e re fo re , 
in  an a ttem p t to  un d ers tan d  and b r in g  o rd e r to  th e  em p irica l o b se r­
v a tio n s  o f  developm ent, th e  concep ts o f  "developm ental s ta g e s"  and 
" c r i t i c a l  p e rio d s"  have evolved .
W ith in  t h i s  l i s t  o f  s ta g e s  o r p e r io d s , th e  p re n a ta l  a sp e c t 
o f  th e  developm ental continuum has become an in c re a s in g ly  r ic h  
source o f  re s e a rc h  in  psychology (B roadhurst, 1961; Thompson, 1957; 
S ontag , 1965). I t  would seem th a t  psychology has  reached th e  p o in t 
in  ex p erim en ta tio n  a t  which an teced en t environm ental events as 
w e ll as on-going  in te r a c t iv e  even ts  must be co n sid e red  in  th e  study 
o f  th e  l iv in g  organism  a t  any p o s t-c o n ce p tio n  p o in t  in  i t s  develop­
ment.
In  th o se  e a r ly  experience  s tu d ie s  which reach  to  th e
beg inn ings o f  th e  developm ental continuum , th e  f a c t  o f  the  very
e a r ly  dependency o f  th e  f e t a l  and p o s tn a ta l  mammal d ic ta te s  th a t
th e  in fa n t  cannot be s tu d ie d  w ith o u t c o n s id e ra tio n  o f  the  c e n ta l
p o s i t io n  th a t  m ate rn al behav io r occup ies in  th e  l i f e  o f  o f f sp r in g .
Rheingold (1963) s ta te d :
For th e  m other, p a r tu r i t i o n ,  an even t o f co n sid e rab le  
b io lo g ic  im portance , s ig n a ls  m a tu r ity , and h e r  
b eh av io r i s  p ro found ly  m odified  by p resence  o f  th e  
young. For th e  o f f s p r in g , th e  b eh av io r o f  th e  
mother i s  c r u c ia l  n o t only f o r  l i f e  i t s e l f  b u t fo r  
i t s  own subsequen t ad ju stm en t to  th e  environm ent in to  
which i t  i s  b o rn . In  t h i s  environm ent o th e r members 
o f i t s  sp e c ie s  a re  prom inent e lem ents; th e  e x te n t to  
which i t  h as  c o n ta c t w ith  them and th e  n a tu re  o f th i s  
c o n ta c t a re  m ediated by th e  beh av io r o f  i t s  c a re ta k e r .
F urtherm ore, m aternal b eh av io r, in tim a te ly  r e la te d  to  
th e  s t a t e  o f m a tu rity  o f th e  young a t  b i r t h ,  c o n s t i tu te s  
a t r a i t  p o sse ss in g  ad ap tiv e  va lue  f o r  th e  p re s e rv a tio n  
o f  th e  sp e c ie s . . . . M aternal behav io r d u rin g  th e  
a n im a l 's  in fancy  may be viewed as th e  main source  o f 
environm ental ev en ts  a f f e c t in g  th e  behav io r o f th e  
young. I t  i s  a source  from which a r i s e s  th e  m ajor s e t  
o f  v a r ia b le s  la b le d  e a r ly  experience  /p .  _2/.
There co n tin u es  to  be i n s u f f i c i e n t  knowledge a v a ila b le  
re g a rd in g  th e  complex in te r a c t io n  o f p sy ch o lo g ica l and b io lo g ic a l  
b eh av io rs  in  th e  m other-neonate r e la t io n s h ip  and g e n e ra l p r in c ip le s  
rem ain e lu s iv e . However, some f a c to r s  in  both  m ate rn al behav io r 
and neonate  beh av io r have been e lu c id a te d  and some o f  th e se  f a c to r s  
seem to  q u a lify  as e a r ly  experience  v a r ia b le s .  For example, beg in ­
n in g  in  1964- a t  th e  U n iv e rs ity  o f  Oklahoma, a s e r ie s  o f  fo u r 
re se a rc h  p r o je c ts  began in  th e  study  o f th e  e a r ly  p o s tn a ta l  r e l a ­
t io n s h ip  between th e  neonate lamb and i t s  m other (P a tte rso n , 1955; 
L i t t l e ,  1966; Baumgold, 1967). V a riab les  in  th e  m other-neonate 
r e la t io n s h ip  th a t  were id e n t i f ie d  as in f lu e n c in g  e f f e c t iv e  v is u a l  
p e rc e p tio n  o f  dep th  were such f a c to r s  as  th e  p resence  o r absence 
o f  m other and v a ry in g  r e s t r i c t i o n s  on response a b i l i t y  o f  e i th e r  
m other o r  n eonate .
The p re se n t study  i s  an ex ten s io n  o f t h i s  re se a rc h  
program and an a ttem p t to  view th e  v a r ia b le s  o f th e  m other-neonate 
r e la t io n s h ip  w ith in  th e  broad frame-work o f  an a c t iv a t io n  le v e l  
h y p o th e s is -  The fo llo w in g  s e c tio n s  w i l l  e la b o ra te  th e  above over­
view .
Developmental S tages 
The a n c ie n t Greeks f e l t  t h a t  a p regnan t fem ale view ing
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th e  beauty o f c la s s ic  sc u lp tu re  would have enhanced th e  p o s s i­
b i l i t y  o f producing  an a t t r a c t i v e  o f f s p r in g ;  m edival Europeans 
b e lie v ed  th a t  view ing anim als during  th e  p re n a ta l  p e rio d  would 
c o n tr ib u te  to  o f f sp r in g  w ith  b i r t h  d e fe c ts ;  hence, th e  term  "h a re ­
l i p ” . With th e  fo u r - fo ld  in flu en c e  o f D arw in 's ev o lu tio n a ry  th e o ry , 
in c reased  s o p h is t ic a t io n  in  embryology and g e n e tic s ,  and F reu d 's  
h y p o th e tic a l  c o n s tru c ts  in  regard  to  th e  f ix a t iv e  in f lu e n c e  o f 
even ts  w ith in  th e  e a r ly  development o f human c h ild re n , s c i e n t i f i c  
t h o u ^ t  became focused on th e  concept o f developm ental s ta g e s .
W ithin  th e se  s e r ie s  o f  s ta g e s , i t  seemed th a t  th e re  were c r i t i c a l  
tim es when, i f  c e r ta in  ev en ts  d id  o r did  n o t o ccu r, f u r th e r  d ev e l­
opment would be favo rab ly  o r ad verse ly  a f fe c te d .
In  h i s  review o f human developm ent. B ijou  (1968) s ta te d  
t h a t  developm ental s ta g e s  may be id e n t i f ie d  u s in g  th re e  d i f f e r e n t  
c r i t e r i a :
(1) Time s in ce  b i r t h ,  o r age.
(2) H yp o th e tica l c o n s tru c ts ,  in  com bination w ith  a c tu a l  
o r assumed environm ental ev en ts .
(3) E m p irica lly  de fin ed  b io lo g ic a l ,  p h y s ica l and s o c ia l  
in te r a c t io n s  ^ p .  422-422/.
"Time Since B ir th ,  o r Age" as a C r ite r io n  
A rnold G ese ll i s  perhaps most r e p re s e n ta t iv e  o f th e  age- 
a s - c r i t e r io n  group o f t h e o r i s t s .  For G e se ll , to  u n d erstand  th e  
m a tu rity  o f a growing organism , i t s  age must be known, measured 
f i r s t  from a b so lu te  zero  (conception) and again  from th e  tim e o f 
b i r t h .  G esell (1960) f e l t  th a t  to  e v a lu a te  th e  human in f a n t  an
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exam ination o f fo u r f i e l d s  o f  b eh av io r re p re se n tin g  d i f f e r e n t  a sp e c ts  
o f growth i s  re q u ire d , e . g . ,  m otor b e h av io r , a d ap tiv e  b eh av io r, 
language b eh av io r, and p e r s o n a l- s o c ia l .b e h a v io r .  With re s p e c t to  
th e  above b e h av io rs , he d esc rib ed  th e  key ages o f  p o s t - f e t a l  d ev e l­
opment (in fancy) as •+, 16 , 28, M-0 weeks and 12, 18, 2̂ ■ and 36 months. 
W hile i t  seems th a t  G ese ll has a ttem p ted  to  make p o s s ib le  th e  
d e s c r ip tio n s  o f  norm ative b eh av io r a t  a g iven age l e v e l ,  h i s  use  
o f  tim e i s  vague.
In fancy  p ro p e r b eg in s  a t  th e  end o f th e  f e t a l  p e r io d .
The end o f  in fan cy  i s  v a r io u s ly  d e fin ed : I t  may be th e
end o f th e  f i r s t  o r  second y e a r , o r i t  may end on th e  
a tta in m en t o f  w alk ing . By law , in fan cy  i s  th e  p e rio d  o f 
m in o rity  under 21 y e a rs  o f  age (G e se ll, 1945, p . 16 ).
Much o f  G e s e l l ’s age c r i t e r i a  f o r  developm ental s ta g e s  
a re  d i f f i c u l t  to  re c o n c ile  because o f  h i s  c e n t r a l  t h e o r e t ic a l  con­
cep t o f  m a tu ra tio n . He b e lie v e d  th a t  m a tu ra tio n  was an in n a te , 
re g u la to ry  p ro cess  t h a t  determ ined what th e  develop ing  in f a n t  would 
do w ith  h i s  environm ent and what w ith in  h is  environm ent he would 
u se . A lthough G ese ll developed norm ative schedu les and t e s t  
m a te r ia ls  fo r  each o f  h i s  key ag es , they  have been f e l t  by many 
to  have l im ite d  u se fu ln e s s  fo r  re s e a rc h . C a t t e l l  (1960) c r i t i c i z e d  
th e  s c a le s  f e e l in g  t h a t  they  l e n t  them selves p r im a r i ly  to  d e s c r ip ­
t io n ,  th e re fo re  hav ing  t h e i r  g r e a te s t  v a lu e  c l i n i c a l l y ,  b u t o f 
l i t t l e  v a lu e  in  s c i e n t i f i c  study  o f  in d iv id u a l grow th.
"H y po thetica l C o n s tru c ts , in  Combination w ith  A ctual
Assumed Environm ental Events" as C r i te r io n
B ijou  (1968) f e l t  t h a t  th e  t h e o r i s t s  u s in g  th e  h y p o th e t­
i c a l  c o n s tru c t approach to  developm ental s ta g e s  have a s im ila r  
lo g ic :  b eh av io r a t  a g iven  tim e i s  "ex p la in ed "  in  term s o f  th e
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h y p o th e tic a l  c o n s tru c t .  Freud and E rikson  a re  t h e o r i s t s  exem pli­
fy in g  t h i s  p o s i t io n .
F reu d ’s p o s tu la te d  s ta g e s  o f  i n f a n t i l e  developm ent grew
ou t n o t o f  d i r e c t  o b se rv a tio n s  o f human in f a n ts ,  b u t from c l in i c a l
re p o r ts  o f  a d u lt  p a t ie n t s  w hich c o n s is te n t ly  re v e a le d  i n f a n t i l e
m a te r ia l .  Monroe (1956) in te r p r e te d  F re u d 's  th e o r iz in g :
By v i r tu e  o f  h i s  b io lo g ic a l  equipm ent, th e  c h ild  goes 
t h r o u ^  a f a i r l y  r e g u la r  p ro g re s s io n  which depends on 
th e  coming in to  prom inence o f  v a r io u s  organ system s.
The p sy c h o lo g ic a l a sp e c ts  o f  th e  very  e a r l i e s t  s ta g e s , 
b i r t h  and prim ary  n a rc is s is m , a re  r e l a t i v e ly  g e n e ra liz e d .
The m outh, th e  e x c re to ry  o rg an s , and th e  g e n i ta l  organs 
appear to  become th e  f o c i  o f  more s p e c i f ic  d i s t r i b u t io n s -
o f  p sy ch ic  energy----- t h a t  i s ,  o f th e  l ib id o .  T h e se_ s ta te s
may be roughly  a ss ig n ed  to  age l e v e l s  4 pP* 174—17_5/.
The s ta g e s  o f  i n f a n t i l e  developm ent which Freud form ulated  
were " o r a l” , ’’a n a l” , and ’’p h a l l i c . ” The s ta g e s  approxim ate b i r t h  
to  one y e a r ;  th e  end o f th e  f i r s t  y ea r to  approx im ate ly  th e  th i r d
y e a r ; th e  t h i r d  y ear to  abou t th e  f i f t h  y e a r .  The b eh av io rs  a t  each
o f  th e se  s ta g e s  a re  e x p la in ed  in  r e l a t i o n  to  th e  psychosexual 
s a t i s f a c t i o n  o r  te n s io n  re d u c tio n  exp erien ced  by th e  c h i ld . In  th e  
ev en t t h a t  ex cessiv e  f r u s t r a t i o n  should  occur d u rin g  one o f th e se  
s ta g e s  o f  developm ent, th e  c o n s tru c t  f ix a t io n  i s  u t i l i z e d  to  ex p la in  
r e s u l t a n t  s te re o ty p e d  b eh av io rs  which may be m an ife s t some years  
l a t e r .  When such l a t e r  b eh av io rs  o c cu r , rem inescen t o f  e a r l i e r  
developm ental s ta g e s ,  re g re s s io n  i s  th e  ex p lan a to ry  c o n s tru c t .
E rikson  (1950) accep ted  th e  F reud ian  model o f  a psycho- 
s e x u a l, en e rg y -lad en  organ ism . However, E rik so n  reached  beyond 
Freud in  h is  focus upon th e  s u c c e s s fu l s o lu t io n  o f  developm ental 
c r i s e s  th roughou t l i f e .  T his i s  in  c o n tr a s t  to  F reud ’s more in te n ­
s iv e  study  o f  th e  e t io lo g y  o f  p a th o lo g ic a l  developm ent, th e  ro o t o f
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which he saw in  th e  very  e a r ly  y e a rs . E rikson  viewed th e  developing 
human as  more in te r a c t iv e  w ith  i t s  s o c ia l  environm ent. He defined  
growth a s :
. . .  a d i f f e r e n t i a t io n  o f  prep lanned  p a r ts  d u rin g  
a g iven sequence o f  c r i t i c a l  p e r io d s . In  p e rs o n a li ty  
grow th, i t  i s  th e  ta s k  o f  th e  ego ( in  th e  p sy ch o an a ly tic  
sense) and o f  th e  s o c ia l  p ro c e ss  to g e th e r  to  m ain ta in  
t h a t  c o n tin u ity  which b r id g e s  th e  in escap ab le  d i s ­
c o n tin u ity  between each o f  th e se  s tag e s  (E rik son , 1955, 
p . 7 ) .
The developm ental s ta g e s  p o s tu la te d  by E rikson  a re  r e ­
fe r re d  to  as phases and th e  develop ing  in d iv id u a l s t r iv e s  to  m aster 
th e  "p h asa l theme” and to  overcome i t s  p i t f a l l s  (M aier, 1965, p .
3 0 ). The f i r s t  f iv e  phases encompass in fan cy , ch ildhood , and 
ado lescence  and th e  a c q u is i t io n  o f : (1) a sense o f  b a s ic  t r u s t
w h ile  overcoming a sense  o f  b a s ic  m is t r u s t ,  (2) a sense o f  autonomy 
w h ile  com bating a sense o f  doubt and shame, (3) a sense o f  i n i t i a ­
t iv e  and overcoming a sense o f g u i l t ,  (M-) a sense o f  in d u s try  and 
fen d in g  o f f  a sense  o f  i n f e r i o r i t y ,  and (5) a sense o f  id e n t i ty  
w h ile  overcoming a sense  o f  id e n t i ty  d if fu s io n .
As w ith  F reud, E r ik so n 's  developm ental phases can be 
r o u ^ l y  approxim ated w ith  c h ro n o lo g ic a l age; however, E rikson  i s  
f a r  l e s s  em phatic than  G ese ll about num erical c o r r e la te s  and h is  
w r i t in g s  r a r e ly  make d i r e c t  re fe re n c e  to  age. R ath er, E rikson  
r e l a t e s  h is  p h asa l them eco n stru c ts  to  observed b io lo g ic a l  and 
s o c ia l  b eh av io rs .
M aier (1965) ex p la in ed :
An in d iv id u a l develops in to  h i s  n ex t phase as soon a s  he 
i s  b io lo g ic a l ly ,  p sy c h o lo g ic a lly , and s o c ia l ly  re a d y , 
and h i s  in d iv id u a l re a d in e ss  i s  matched by s o c ie ta l  
re a d in ess  /p .  2 9 / .
" B io lo g ic a l, P h y s ic a l and S o c ia l In te ra c t io n s "  
as  C r i te r ia  f o r  S tages
O rganism -environm ent in te r a c t iv e  hypo theses (S te n d le r , 
1964) a re  ap p aren t in  much o f  E r ik so n 's  fo rm u la tio n s ; however, 
p re se n t developm ental th e o r iz in g  and subsequent re s e a rc h  i s  
in c re a s in g ly  complex and en ^hasizes th e  b a sin g  o f  c r i t e r i a  on 
e m p ir ic a lly  d e fin ed  b io lo g ic a l ,  p h y s ic a l ,  and s o c ia l  in te r a c t io n s .
I t  would seem th a t  in  u s in g  th e se  c r i t e r i a ,  much o f  developm ental 
and com parative psychology can u n i te  in  fo rm u la tin g  th e o ry  and 
em p irica l law s re g a rd in g  growth.
B ijo u  (1968) has c i te d  K antor (1924, 1959) as an exemplar 
o f  t h i s  approach w herein developm ent i s  d iv id ed  in to  th re e  p e rio d s . 
The f i r s t  s ta g e  i s  d esc rib ed  as  th e  p e rio d  which ex tends from 
b i r t h  to  th e  o n se t o f  fu n c tio n a l v e rb a l b eh av io r; th e  second s ta g e , 
r e fe r re d  to  a s  th e  "b a s ic  s ta g e " , ex tends to  e a r ly  ch ildhood and 
i s  c h a ra c te r iz e d  as  th e  f i r s t  p e rio d  f r e e  from g ro ss  b io lo g ic a l  
l im i t a t io n s .  The th i r d  s tag e  (th e  s o c ie ta l  s tag e ) ex tends from 
e a r ly  ch ildhood  to  th e  end o f  th e  developm ental c y c le , an in te r v a l  
c h a ra c te r iz e d  by in tim a te  in te rp e rs o n a l  and group c o n d itio n s .
S c o t t  (1965) has couched h is  work on developm ental s tag e s
w ith in  an in te r a c t io n a l  framework o f  " c r i t i c a l  p e r io d s " . Like
K antor (1959) and B ijou  and Baer (1961), S c o tt  focused h is  a t te n t io n
on behav io r o f  th e  organism . S c o tt  (1965) ex p la in ed :
. . . each  developm ental p e rio d  i s  n o t tim e sequence 
b u t th e  f a c t  t h a t  each re p re se n ts  a m ^jor developm ental 
p ro c e s s . Thus, th e  n e o n a ta l p e rio d  / i t a l i c s  m in e / i s  
c h ie f ly  c h a ra c te r iz e d  by th e  p ro cess  o f  n e o n a ta l 
n u t r i t i o n .  . . . The t r a n s i t i o n  p e rio d  i s  c h a ra c te r iz e d
by th e  p ro cess  o f t r a n s i t i o n  to  a d u lt  methods o f 
n u t r i t io n  and locom otion and th e  appearance o f  a d u l t  
p a t te rn s  o f  s o c ia l  b e h av io r , a t  l e a s t  in  immature 
form. The p e rio d  o f s o c ia l iz a t io n  i s  the  peiùod in  
which prim ary s o c ia l  bonds a re  formed /p .  272/.
S c o tt d esc rib ed  in  a d d itio n  a ju v e n ile  p e rio d  du rin g  which th e
young organism  beg ins to  be independent o f  i t s  p a re n ts  and i s
observed in  in c reased  e x p lo ra tio n  o f  th e  environm ent. T h is i s
follow ed by a p u b e r ta l  p e rio d  r e f l e c t in g  th e  developm ent o f  sexua l
re la t io n s h ip s  and a p a re n ta l  p e r io d . S c o tt emphasized th a t  th e
newborn lamb i s  th e  " t r a n s i t io n  p e rio d "  and alm ost im m ediately
e n te rs  in to  th e  " s o c ia l iz a t io n  p e rio d "  (S co tt and M arston, 1950) .
S c o t t 's  concept o f  c r i t i c a l  p e rio d s  seems to  grow out o f
h is  th eo ry  th a t  bo th  growth and b e h av io ra l d i f f e r e n t i a t io n  a re
based on o rg an iz in g  p ro c e sse s :
This su g g ests  a g e n e ra l p r in c ip le  o f  o rg a n iz a tio n :
That once a system  becomes o rg an ized , w hether i t  i s  th e  
c e l l s  o f  th e  embryo th a t  a re  m u ltip ly in g  and d i f f e r e n t i ­
a t in g  o r th e  b eh av io r p a t te rn s  o f  a young anim al th a t  
a re  becoming organ ized  t h r o u ^  le a rn in g , i t  becomes 
p ro g re s s iv e ly  more d i f f i c u l t  to  reo rg an ize  th e  system .
That i s ,  o rg a n iz a tio n  in h ib i t s  re o rg a n iz a tio n . F u r th e r , 
o rg a n iz a tio n  can be s tro n g ly  m odified  only when a c t iv e  
p ro cesses  o f  o rg a n iz a tio n  a re  going on, and th i s  accounts 
f o r  c r i t i c a l  p e rio d s  o f development (S c o tt , 1965, pp. 283- 
284).
S c o tt (1955) p o s tu la te d  th re e  k inds o f  c r i t i c a l  p e rio d  
phenomena. These invo lve  op tim al p e rio d s  fo r  th e  fo rm ation  o f 
prim ary s o c ia l  a ttach m en ts , op tim al p e rio d s  fo r  le a rn in g , and 
optim al p e rio d s  fo r  i n f a n t i l e  s t im u la tio n . During c r i t i c a l  p e rio d s  
th e  b eh av io ra l p ro ce sses  p roceed  most ra p id ly , t h o u ^  th e  b e h av io ra l 
p ro cesses  a re  n o t n e c e s s a r i ly  l im ite d  to  th e  p e rio d s  in  which they 
a re  most prom inent-
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S ch n e irla  and R o sen b la tt (1955a) o ffe re d  a somewhat 
d i f f e r e n t  view o f developm ent. They f e e l  t h a t  t h e i r  s o c ia l  ontogeny 
th eo ry  and re se a rc h  su p p o rts  n o t j u s t  one o r a few c h ro n o lo g ic a lly  
marked changes in  b eh av io r p a t te r n ,  b u t in d ic a te  r a th e r  th a t  each 
age p e rio d  i s  c ru c ia l  f o r  th e  development o f  a p a r t i c u la r  a sp e c t in  
a complex p ro g re ss iv e  p a t te r n  o f  ad ju stm en t. They conclude th a t  
ev en ts  o f  m a tu ra tio n  may d i f f e r  s ig n i f ic a n t ly  in  t h e i r  in flu en c e  
upon ontogeny, both  in  th e  n a tu re  and in  th e  tim in g  o f  t h e i r  e f f e c t s ,  
acco rd in g  to  what r e la t io n s  to  th e  e f f e c t s  o f  ex p erience  a re  pos­
s ib le  under th e " e x is t in g  c o n d itio n s .
Those who examine th i s  th eo ry  and r e la te d  c o n s id e r­
a t io n s  w i l l  f in d  an enphasis  upon th e  fu s io n  o f  m a tu ra tio n  
(g ro w th -co n trib u ted ) and experience  (s t im u la tio n -c o n tr ib u te d )  
p ro cesses  a t  d i f f e r e n t  s ta g e s  in  beh av io r ontogeny, to g e th e r  
w ith  th e  co n ten tio n  th a t  th e  c o n tr ib u tio n s  o f  m atu ra tio n  
and o f  experience  ( th e  l a t t e r  in c lu d in g , b u t n o t confined  
to ,  co n d itio n in g  and le a r n in g ) , as w e ll as  th e  i n t e r ­
r e la t io n s  o f  th e se  c o n tr ib u tio n s , may d i f f e r  g re a t ly  
acco rd ing  to  s tag e  in  any anim al. T his th eo ry  th u s  
d i f f e r s  sh a rp ly  from S c o t t 's  w ith  i t s  enp h asis  upon 
f a c to r s  o f m a tu ra tio n  presum ably s p e c i f ic  fo r  " c r i t i c a l  
p e r io d s "  and i t s  ap p aren t assum ption th a t  " le a rn in g "  i s  
a d i s t i n c t  and p robab ly  a delayed c o n tr ib u to r  (S ch n e irla  
and R o se n b la tt, 1965, p . 288).
Summary. I t  seems th a t  th e  approach co n sid e rin g  th e  i n t e r ­
a c tio n  o f b io lo g ic a l ,  p h y s ic a l  and s o c ia l  f a c to r s  i s  p re s e n tly  th e  
most emphasized in  developm ental th eo ry  and re s e a rc h . However, 
m olar and m olecular approaches s t i l l  seem j u s t i f i e d  under th e  broad 
um brella  o f " in te ra c t io n "  (C a irn s , 1966; Thompson, 1966).
As to  th e  m a tte r  o f  ro le  o f  tem poral f a c to r s  in  develop­
ment, i t  seems th a t  tim e and age must be d e a l t  w ith , however 
r e l a t i v e ly ,  i f  only f o r  communication a n d /o r re s e a rc h  p u rp o ses. A ll  
o f th e  views have th e  a d d i t io n a l  theme in  common: w ith in  th e  e a r l i -
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e s t  phases o f p o s tn a ta l  developm ent, th e re  occur ra p id  b e h av io ra l 
changes and th e re  seem to  be ways o f  in te r r u p t in g  th e  in te r a c t iv e  
developm ental p ro cess  so th a t  d e v ia tio n s  from normal ex p ec tan c ies  
can be observed a t  a subsequen t tim e.
S tu d ie s  o f  M aternal In f lu en ce  
The im portance o f  m aternal b eh av io r seems r e l a t i v e  to  th e  
s t a t e  o f  dependency o f th e  in f a n t  mammal. In  th e  p re n a ta l  phase 
o f  developm ent, n e i th e r  m other o r  fe tu s  a re  p a s s iv e  p a r tn e r s ,  an 
o b serv a tio n  supported  by th e  re se a rc h  o f Hooker (1964-) and Sontag 
(1966). Sontag (1966) dem onstrated th a t  p re n a ta l  ev en ts  such as 
e x te rn a l sounds o r s tro n g  m aternal emotions can in f lu e n c e  th e  f e tu s .  
In  a fo llow -up o f e ig h t  in f a n ts  he found th a t  th o se  who had m others 
who were p rofoundly  u p se t a t  some p o in t l a t e  in  pregnancy, developed 
in to  i r r i t a b l e ,  h y p e ra c tiv e  b a b ie s . Thompson (1957) e a r l i e r  found 
th a t  in c reased  e m o tio n a lity  in  r a t  o f f sp r in g  could be produced by 
in c re a s in g  th e  an x ie ty  o f  th e  m others d u ring  pregnancy.
The e f f e c t s  o f  th e  p resence  o r absence o f  adequate m other­
in g  i s  w e ll known in  th e  study  o f human in f a n ts .  Bowlby (1967), 
in  a re c e n t review  o f l i t e r a t u r e  on m aternal d e p r iv a tio n , s ta te d  
th a t  th e  evidence to  d a te  su g g es ts  th a t  th re e  somewhat d i f f e r e n t  
m othering ex periences can each produce an a f f e c t io n le s s  and psycho­
p a th ic  c h a ra c te r :
(1) Lack o f  any o p p o rtu n ity  fo r  form ing an a ttachm ent to  
a m other f ig u re  du rin g  th e  f i r s t  th re e  y ea rs  (Powder- 
maker, 1937; Bender, 194-1; Lowrey, 194-0; G oldfarb ,
1955).
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(2) D ep riv a tio n  f o r  a l im ite d  p e rio d  o f tim e— a t  l e a s t
th re e  months and probably  more than  s ix  d u ring  th e
f i r s t  th re e  o r fo u r  y ears  (Bowlby, 19M-5; S p itz  and 
W olf, 1946).
(3) Changes from one m o th e r-f ig u re  to  ano ther d u ring  th e  
same p e rio d  (Levy, 1937).
Bowlby's re c e n t review  r e f l e c t s  Yarrow’s (1961) e a r l i e r  
concern th a t  th e  concep ts o f m aternal s e p a ra tio n  and m aternal 
d e p riv a tio n  have been used synonymously. For the  purposes o f 
th eo ry  development and re se a rc h . Yarrow (1966) f e l t  t h a t  fo u r 
d i f f e r e n t  m a te rn a l-c h ild  s i tu a t io n s  should  be d is tin g u ish e d : m ater­
n a l s e p a ra tio n , m ate rn a l d e p r iv a tio n , m u ltip le  m othering , and d i s ­
to r t io n s  in  m aternal c a re . Yarrow (1965) exp la ined :
D ep riv a tio n  o f  m ate rn a l ca re  in  th e  sense o f a 
q u a n t i ta t iv e  la c k  o f t a c t i l e ,  k in e s th e t ic ,  a u d ito ry , and 
o th e r  k inds o f s t im u la t io n  norm ally  p rovided  by a m other- 
f ig u r e ,  o r  a la c k  o f s e n s i t iv e  in d iv id u a liz e d  a d a p ta tio n  
to  th e  c h i ld ’s needs fre q u e n tly  fo llo w s p h y s ic a l s e p a ra tio n  
from th e  m other. In  m u ltip le  m othering , which sometimes 
fo llow s s e p a ra t io n , a number o f d i f f e r e n t  m o th e r-f ig u res  
s im u ltaneously  p ro v id e  ca re  fo r  th e  c h i ld ,  w ith  v a ry in g  
degrees o f r e s p o n s ib i l i ty  and d i f f e r e n t i a t io n  o f fu n c tio n s . 
D is to r tio n s  in  m aternal c a re ,  th a t  i s ,  d is tu rb a n ce s  in ' th e  
m o th er-ch ild  in te r a c t io n ,  in v o lv in g  h o s t i l i t y  and am bivalence, 
which a re  u s u a lly  ro o ted  in  p e r s o n a li ty  d e v ia tio n s  in  th e  
m other, may be an an teced en t o f s e p a ra tio n  and sometimes 
may fo llow  i t .  M aternal s e p a ra tio n  in  i t s  p u re s t sense 
in v o lv es  a b reak  in  th e  c o n tin u ity  o f  r e la t io n s h ip  w ith  
a m o th e r-f ig u re  a f t e r  a m eaningful focused re la t io n s h ip  
has been e s ta b lis h e d  9 0 / .
Many o f  th e  s tu d ie s  re g a rd in g  d e v ia tio n  in  human m other-
in f a n t  r e la t io n s h ip s  focus on th e  i n f a n t ’s  immediate b eh av io ra l
r e a c tio n  to  s e p a ra t io n , and a ttem p ts  have been made to  id e n t i fy
c r i t i c a l  p e rio d s  d u rin g  which th e se  d e v ia tio n s  w i l l  have th e  mosr
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profound efiPect. S ev era l s tu d ie s  (S p itz  and W olf, 194-5; R obert­
son and Bowlby, 1952) re p o rte d  s im ila r  b e h a v io ra l re a c tio n s  o f  
c h ild re n  under two y e a rs  o f  age fo llo w in g  placem ent in  i n s t i t u t i o n s .  
S im ila r  p a t te r n s  o f  response seem to  be observed in  s e q u e n tia l  
o rd e r: a c u te  a n x ie ty  in  th e  form o f  c ry in g  and s tro n g  p r o te s t ;
a c t iv e  r e j e c t i o n  o f  a d u l ts ;  symptoms o f sev e re  d e p re ss io n ; de­
c re ased  a c t i v i t y  l e v e l ;  lo s s  o f  a p p e t i te ;  w ithdraw al from people 
and o b je c ts  w ith in  th e  environm ent. S p itz  and Wolf (1946) found 
th a t  th e  d e p re ss iv e  syndrome was accompanied by a p ro g re s s iv e  drop 
in  th e  Development Q u o tien t and an in c re a se  in  p h y s ic a l symptoms 
such as  w eigh t l o s s ,  r e c u r re n t  co ld s  and sk in  d is o rd e r s .  In  some 
case s  th e  p h y s ic a l d e te r io r a t io n  con tinued  to  th e  p o in t  o fd e a th .
In  each o f  th e  th re e  s tu d ie s  n o ted  above and a lso  l a t e r  re p o rte d  
by G oldfarb (1955), some o f  th e  c h ild re n  developed a p o s se s s iv e , 
anx ious a ttach m en t to  a s u b s t i t u te  m other i f  one was a v a i la b le ;  
o f te n  t h i s  c o n ta c t-s e e k in g  was in d is c r im in a te .
The above s tu d ie s  must be co n sidered  su g g es tiv e  in  th a t  
th ey  d e sc r ib e  re a c t io n s  to  ev en ts  w ith  l i t t l e  ev idence prov ided  
as to  th e  s p e c i f ic  v a r ia b le s  o c c u rr in g  a t  th e  tim e o f th e  ev en t. 
A lso , many o f  th e  human in fa n t  s tu d ie s  w ith in  t h i s  re s e a rc h  a rea  
were c a r r ie d  o u t in  i n s t i t u t i o n a l  s e t t i n g s .  -Several re s e a rc h e rs  
have co n sid e red  th e  v a r ia b le s  w ith in  env ironm ental s e t t in g s  and 
th e  concordan t la c k  o r p resen ce  o f  e x te rn a l  s t im u l i .  These d i r e c t  
s tu d ie s  o f  i n s t i t u t i o n a l  s e t t in g s  (G old farb , 1955; R heingold , 1960, 
1961), d e sc r ib e  more th an  j u s t  th e  la c k  o f  a m o th e r-f ig u re  w ith  
whom th e  c h i ld  develops c lo se  c o n ta c t ;  th e  environm ents a re  d e v ian t
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in  a number o f  r e s p e c ts .  Yarrow (1965) summarized:
The low c a r e ta k e r - in f a n t  r a t i o  i s  a sso c ia te d  w ith  in ­
adequate k in e s th e t ic ,  t a c t i l e ,  s o c ia l ,  and a f f e c t iv e  
s tim u la tio n -  The a f f e c t iv e  b landness c h a ra c te r iz in g  
many i n s t i t u t i o n a l  environm ents means th a t  th e  c h ild re n  
a re  exposed to  l i t t l e  s tro n g  p o s i t iv e  o r  n eg a tiv e  
em otional e x p re ss io n . O ften th e  environm ent i s  la c k in g  
in  a p p ro p r ia te  equipm ent, and th e  c o n d itio n s  fo r  th e  
le a rn in g  o r  p r a c t ic in g  new s k i l l s  a re  l im ite d .  The 
changing c a re ta k e rs  and th e  r ig id  ro u t in iz a t io n  o f  care  
r e s u l t  in  d e v ian t le a r n in g  c o n d itio n s . The c a r e ta k e r s ' 
a c tio n s  ten d  to  be based  on p redeterm ined  schedu les and 
s e t  tech n iq u es  ra th e q  th an  b e in g  re sp o n siv e  to  th e  c h i l d 's  
b eh av io r ^ p .  99 -10£ /.
Provence and L ip to n 's  (1962) re se a rc h  seems to  p rov ide  
some o f  th e  most c le a r  c u t d a ta  on th e  in f lu e n c e s  o f  environm ental 
d e p r iv a tio n . They fo llow ed th e  developm ent o f  75 in f a n ts  in  an 
i n s t i t u t i o n  d u rin g  th e  f i r s t  y e a r o f  l i f e .  They re p o rte d  evidence 
o f  r e ta r d a t io n  and d e v ia t io n  in  m otor, language and s o c ia l  s k i l l s  
as  e a r ly  as th e  second month. They observed th a t  th o se  s k i l l s  
which seem to  be dependent on th e  m a tu ra tio n  o f  neurom uscular 
ap p ara tu s  develop no rm ally , whereas r e ta r d a t io n  i s  found in  th o se  
fu n c tio n s  which a re  dependent upon environm ental s t im u la tio n .
Provence and L ip ton  (1962) used  a "psych ic  d r iv e "  model to  ex p la in  
two ty p es  o f  m otor d e v ia t io n s :  a d im inished im pulse to  reach  ou t
fo r  peop le  and o b je c ts ,  and an im pairm ent in  th e  c ap a c ity  to  m odulate 
motor in d u is e s  to  produce smooth motor movements. V a ria tio n  in  
ex p re ss io n  o f  a u to - e r o t ic  a c t i v i t y  was a lso  observed e i th e r  in  i t s  
a b so lu te  absence o r in  ex ce ss iv e  am ounts, e .g . ,  ro ck in g , head- 
banging , m astu rb a tio n  and thum bsucking.
Yarrow (1966) h as  a ls o  p o in te d  o u t th a t  th e re  has o f te n  
been th e  tendency to  d ram atize  th e  extrem e cases  and to  g lo ss  over
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cases which do n o t show s t r ik in g  b e h a v io ra l changes. I f  one con­
s id e r s  t h a t  n o t  a l l  in s t i tu t io n a l i z e d  c h ild re n  develop, s e r io u s  
i n t e l l e c t u a l  and b eh av io ra l d is tu rb a n c e s  (F ish e r , 1952; DuPan and 
Roth, 1955) and th a t  s e r io u s  d is tu rb a n c e s  can occur w ith in  m other- 
p re s e n t  s i t u a t io n s ,  th e  r e s u l ta n t  b eh av io rs  seem more lin k e d  to  
th e  degree o f  environm ental d e v ia t io n  and d e p r iv a tio n . For exam ple, 
Coleman and Provence (1957) found an " i n s t i t u t i o n a l  syndrome" 
among c h ild re n  l i v in g  w ith in  very  d ep riv in g  fam ily  environm ents. 
Yarrow (1966) enphasized  th a t :
. . . th e  e t io lo g ic a l  ag en t in  th e se  p e r s o n a l i ty ,  s o c ia l  
and developm ental d is tu rb a n c e s  i s  n o t m ate rn a l se p a ra tio n  
p e r  s e ,  o r  some m ysterious a t t r i b u t e  o f  i n s t i t u t i o n a l  
environm ents, b u t s p e c i f ic  environm ental c o n d itio n s  
wMch a re  commonly a s so c ia te d  w ith  i n s t i t u t i o n a l  care
/p p . 1 0 1 -102 /.
S e v e ra l re se a rc h  p r o je c ts  w ith  infra-hum an p rim ates  
c o rro b o ra te  Yarrow. Harlow (1965) dem onstrated t h a t  r e s t r i c t e d  
environm ents c o n tr ib u te  to  p ro found ly  d e v ian t s o c ia l  b eh av io r, b u t 
t h a t  th e re  a re  no s ig n i f ic a n t  d if f e re n c e s  in  le a r n in g  between th e  
env iro n m en ta lly  r e s t r i c t e d  and c o n tro l rh e su s . Davenport and Rogers 
(1968) re a red  a group o f  seven chimpanzees in  c r ib s  f o r  two y ea rs  
w herein  th e  env irons were monotonous and r e l a t i v e ly  u n st im u la tin g . 
These r e s t r i c t e d  anim als were observed to  behave in  s te r e o ty p ic ,  
s e l f - s t im u la t in g  ways, e . g . ,  sw aying, ro ck in g , eyepoking, ly in g  
prone and p u sh in g  th e  sho u ld ers  up and down (Davenport and Menzel,
1963). A group o f  mothered chimpanzees who had been ra is e d  in  th e  
w ild  u n t i l  approx im ately  one y ea r o f  age were used a s  c o n tro ls .  
Davenport and Rogers (1968) summarized:
In s o fa r  as one may g e n e ra liz e  from t h i s  delayed
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response  experim ent, th e  f in d in g s  in d ic a te  th a t  r e s t r i c t e d  
e a r ly  r e a r in g  does indeed produce, in  th e  chim panzee, 
b e h a v io ra l c h a r a c te r i s t i c s  which h in d e r  le a rn in g  a t  a 
l a t e r  age. Among th e s e , d i s t r a c t i h i l i t y  i s  o f  m ajor 
im portance; however, w ith  p ro p e r experience  d i s t r a c t a b i l i t y  
may d e c rea se . The f in d in g s  a lso  give p resum ptive  su p p o rt 
to  th e  c o n ten tio n  th a t  th e  d i s t r a c t a b i l i t y  and g re a te r  
d i f f i c u l t y  in  b r in g in g  to  b e a r  ta s k -o r ie n te d  b eh av io rs  
on le a rn in g  and perform ance problems accoun ts in  la rg e  
p a r t  f o r  poor academic p ro g re ss  and in te l l ig e n c e  t e s t  
sco re s  o f  human c h ild re n  ra id e d  in  s o c ia l ly  d ep rived  and 
u n s tim u la tin g  environm ents /p p . 680-681/.
Kaufman and Rosenblum (1967) did a conçrehensive  study  
w ith  fiv e -m o n th -o ld  in f a n t  monkeys which were sep a ra te d  from t h e i r  
m others f o r  a p e rio d  o f  fo u r weeks. A ll in f a n ts  had^been re a re d  in  
a group l i v in g  s i tu a t io n  and rem ained so d u rin g  th e  is o la t io n - f ro m -  
m other ex p erien ce . O bservations showed an im m ediate s e p a ra tio n  
re a c t io n  very  c le a r ly  follow ed by a d ep re ss iv e  p e r io d , s im ila r  to  
th e  a n a c l i t i c  d ep re ss io n  d esc rib ed  by S p itz .  The i n i t i a l  r e a c t io n  
was t h a t  o f  a h i ^  l e v e l  o f  m o to ric , v isc e ra l-a u to n o m ic , v o ca l and 
ex p re ss iv e  a c t i v i t y ;  in  th re e  o f  th e  fo u r in f a n ts  t h i s  was fo llow ed 
in  a day by a deep d ep ress io n  c h a ra c te r iz e d  by p o s tu ra l  c o l la p s e ,  
im m obility , w ithdraw al from th e  environm ent, and re d u c tio n  in  
v is c e ra l-a u to n o m ic , vocal and ex p re ss iv e  a c t i v i t y .  Two o f  th e  th re e  
in f a n ts  showed abnormal p en is  suck in g . The fo u r th  in f a n t ,  whose 
m other was th e  dominant fem ale, d id  n o t show th e  marked d e p re ss io n . 
However, t h i s  in f a n t  d id  show s ig n i f ic a n t  d ecrease  in  p lay  and 
s ig n i f i c a n t  in c re a se s  in  s e l f - d i r e c te d  b eh av io rs  and inan im ate  
o b je c t  e x p lo ra tio n .
P a tte r s o n  (1955) re p o rte d  a response in  lambs s im ila r  
to  th a t  d e sc rib ed  by S p itz  in  which m other-deprived  in fa n ts  were 
c h a ra c te r iz e d  by apathy  and h i ^  d ea th  r a t e .  In  P a t te r s o n 's  s tu d y .
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fo u r lambs were i s o la te d  in d iv id u a lly  in  w ire  pens fo llo w in g  removal
from t h e i r  m others a t  b i r t h .  Follow ing rem oval from th e  m other,
they  were c leaned  and s tim u la te d  u n t i l  th e y  were ab le  to  s tan d .
They were b o t t l e - f e d  t h r o u ^  a p e r tu re s  in  th e  w a lls  o f  t h e i r
i s o la t io n  pens on an every fo u r hour fe e d in g  sch ed u le . P a tte rso n
(1965) observed th a t :
W ithin 24-36 h o u rs , however, th e se  lambs were observed 
to  lo o se  muscle to n e  and a p p e ti te  and c o lla p se  and d ie  
w ith  d ram atic  sp_eed ap p a ren tly  as a d i r e c t  r e s u l t  o f 
be ing  i s o la te d  4 3 /.
I t  i s  l ik e ly  t h a t  Kaufman and Rosenblum’s monkeys d id  n o t re g re ss
to  te rm in a l c o lla p se  due to  s e v e ra l f a c to r s ;  f i r s t ,  t h e i r  in fa n ts
were f iv e  months o ld  when they  were s e p a ra te d , and second ly , th e
peer-g roup  l i v in g  m i ^ t ,  in  p a r t ,  have compensated f o r  th e  lo s s
o f c o n ta c t s t im u la tio n  d eriv ed  from th e  m other. However, the
im portance o f normal m o th e r- in fa n t in te r a c t io n  i s  dram atized in
b o th  s i tu a t io n s .
Summary
As Yarrow (1966) h as  p o in ted  o u t ,  th e re  may be a number 
o f  v a r ia b le s  in te r a c t in g  s im u ltaneously  in  th e  d ep riv in g  p ro cess  
o f in f a n ts  s tu d ie d , e . g . ,  ch ro n o lo g ica l developm ental age o f the  
c h i ld ,  d u ra tio n s  o f  th e  deprived  e x p e rien ce , c o n s t i tu t io n a l  b io ­
lo g ic a l  f a c to r s  in h e re n t w ith in  th e  i n f a n t ,  and qpiality  o f the  
r e la t io n s h ip  w ith  m other p r io r  to ,  d u rin g  and a f t e r  th e  in te r v a l  
o f d e p r iv a tio n . Both Yarrow (1966) and C as ie r  (1961) p o in t to  
th e  c ru c ia l  v a r ia b le  o f  h a n d lin g  as a sou rce  o f  e x te rn a l s t im u la tio n . 
In  th e  o p e ra tio n a l s e n se , i t  i s  th e  m other, o r m o th e r-su rro g a te
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who, in  an e f f e c t iv e  re c ip ro c a l  r e la t io n s h ip ,  i s  th e  immediate and 
co n tin u in g  source o f  e x te rn a l s tim u la tio n  e i th e r  t h r o u ^  h e r  own 
behaviors o r t h r o u ^  ever-b roaden ing  sou rces o f  s tim u la tio n  which 
she may b r in g  to  th e  r e la t io n s h ip  o r allow  to  occu r.
M othering a s  £  Source o f  E x te rn a l S tim u li 
R ibble  (1938) has contended th a t  t a c t i l e ,  k in e s th e t ic  
s tim u la tio n  i s  im p o rtan t in  th e  very  e a r ly  b io lo g ic  fu n c tio n in g  
o f  the  human in f a n t .  In  h e r  d e s c r ip t io n  o f th e  p rim al m aternal 
r e je c t io n  o f  a newborn, she s tre s s e d  th e  s tim u la tio n  p o te n t ia l  
o f  the  m othering f ig u re  by p re s e n tin g  a case h is to r y  o f  an un­
s tim u la te d , r e je c te d  in f a n t  who became com atose, dyspneic and who 
had p a l lo r  and reduced s e n s i t i v i t y .  W hile Cannon (1963) d id  n o t 
speak o f  th e  concept o f  s tim u la tio n  p e r  s e , h i s  hom eostatic  n o tio n s  
about th e  newborn a re  s im ila r  to  th o se  o f  R ibb le :
Before b i r t h ,  o f  co u rse , th e  baby has th e  b e n e f i t  o f 
th e  m other’s "m ilieu  in te r n e ."  A t b i r t h  he i s  su d d en ly  
exposed to  very  d i f f e r e n t  and q u ite  v a r ia b le  su rro u n d in g s, 
when h i s  own "m ilie u  in te r n e ,"  t h o u ^  form ed, has n o t 
been su b jec ted  to  any s t r e s s  which m i ^ t  a l t e r  i t .  . . .
The e la b o ra te  con^lex o f  ad ju stm en ts  fo r  th e  hom eostasis 
o f tem p era tu re . . . i s  only  g ra d u a lly  developed, perhaps 
as th e  consequences o f e x e rc ise  and t r a in in g .  The c o n tro l 
o f blood su g ar i s  s im ila r ly  th e  r e s u l t s  o f a developm ental 
p ro c e ss . . . .  I t  seems n o t im probable t h a t  s tudy  of 
o th e r  hom eostatic  re g u la tio n s  would prove th a t  they  too  
a re  u n s ta b le  a t  th e  s t a r t  and only  by experience  acq u ire  
th e  e f f ic ie n c y  seen in  a d u lts  4?P* 301-30_2/.
Montagu (1950, 1953) d e fin ed  c le a r ly  what Cannon vaguely 
re fe r re d  to  as "e x p e rie n c e ."  For Montagu cutaneous s tim u la tio n  
i s  c ru c ia l  fo r  s u rv iv a l  d ire c te d ,  ad ap tiv e  b eh av io r in  in fra p r im a te  
mammals as w e ll as  human in f a n ts .  A d d itio n a l su p p o rt fo r  M ontagu's 
p o s i t io n  i s  underscored  in  Bronson’s (1963) review  o f  C onel’s
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m orphological study o f  th e  in f a n t  c o rte x :
From n e u ro lo g ic a l data th e  in f a n t  in  th e  f i r s t  weeks 
fo llo w in g  b i r t h  must be la rg e ly  dependent on in n a te  r e f le x e s  
m ediated a t  low er n e u ra l  c e n te r s ,  and would be p r im a ri ly  
resp o n siv e  to  in t e r n a l  s t im u li  (p a in , hunger) which have 
l i t t l e  d i r e c t  r e p re s e n ta t io n  in  th e  n eo co rtex . With 
m a tu ra tio n  th e  in c re a s in g  resp o n siv en ess  to  th e  e x te rn a l 
environm ent i s  m ediated through t a c t i c l e  and, to  a l e s s e r  
e x te n t ,  au d ito ry  and v is u a l  in p u t .  One would p re d ic t  
th e re fo re  th a t  t a c t i l e  experience  du rin g  th e se  e a r l i e s t  
months would be p a r t i c u la r ly  s a l i e n t  ^ p .  57 -58 /.
A f i f te e n - y e a r  sequence o f re se a rc h  on in f a n t i l e  h an d lin g  
(s tim u la tio n ) o f mice and r a t s  by Denenberg (196M-) has c o n s is te n tly  
dem onstrated th a t  handled anim als perform  more e f f e c t iv e ly .  Denen­
b erg  s ta te d  two h y p o theses: (1) th a t  e m o tio n a lity  i s  reduced in
p ro p o r tio n  to  th e  amount o f s tim u la tio n ; and (2) th e  "Y erkes- 
Dodson law ", namely t h a t  th e  b e s t  perform ance in  a t e s t  s i tu a t io n  
r e s u l t s  from a m oderate degree o f  m o tiv a tio n  r a th e r  than  from a 
very  sm all o r a very  la rg e  amount. M otivation  i s  d i r e c t ly  r e la te d  
to  e m o tio n a lity  produced by e a r ly  s t im u la tio n , and th e  n e t r e s u l t  
in  many ty p es  o f perform ance i s  an in v e rte d  U-shaped fu n c tio n  
r e la te d  to  th e  degree o f e a r ly  s t im u la tio n . Subsequent re se a rc h  
has shown th a t  a d u lt  le a rn in g  in  mice v a r ie s  in  a c u rv i l in e a r  
fa sh io n  w ith  th e  amount o f  s tim u la tio n  given a t  weaning (Denenberg, 
1959; Denenberg and B e l l ,  1960); handled anim als a re  l e s s  em otional 
than  u n d is tu rb ed  c o n tro ls  (Denenberg and N orton , 1964; Denenberg,
1964) .
C arlson  (1961) dem onstrated t h a t  in  th e  r a t ,  th e  m other’ s 
behav io r n o t only in f lu e n c e s  th e  behav io r o f  o f f s p r in g , b u t th a t  
th e  o f f s p r in g ’s b eh av io r a lso  in f lu e n c e s  th e  m other. He found th a t  
r a t  m others which re a re d  ’’low em otional” pups were s ig n i f ic a n t ly
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more a c t iv e  ( le s s  em otional) when te s te d  in  an open f i e ld  a t  th e  
tim e o f  weaning th an  m others r e a r in g  ’T i i ^  em otional” pups. Hudgens. 
Denenberg, and Zarrow (1964; 1966; 1967) have subsequen tly  done a 
s e r ie s  o f  experim ents in  c r o s s - f o s te r in g  l i t t e r s  o f  mice and r a t s  
and have dem onstrated  th a t  th e  a c t i v i t y  o f  mice re a re d  by r a t  
m others i s  g r e a t ly  reduced con^ared to  t h a t  o f  mice rea red  by mouse 
m others. In  t h e i r  most re c e n t s tudy  (1967) i t  was observed th a t  
f ig h t s  were most l i k e ly  to  occur i f  one member o f  th e  p a i r  had 
been re a red  by a h ig h -a c t iv e  mouse m other as  compared to  a low- 
a c t iv e  mouse m other.
As one moves up th e  p h y lo g en e tic  s c a le ,  th e  im portance 
o f k in e s th e t ic  and t a c t i l e  s t im u la t io n  may be even g re a te r  and 
have more complex im p lic a t io n s , a s  ex em plified  by Harlow’s c la s s ic  
o b se rv a tio n s  o f  ’’monkey lo v e ” (Harlow, 1958; 1959). In  th e se  
exp erim en ts , th e  type  o f  cu taneous s t im u la tio n  was. im portan t in  
th a t  i t  was n o t j u s t  any s u rro g a te  m other to  which th e  in fa n t  
rh esu s  monkey would c l in g ;  r a th e r  they  showed d e f in i te  p re fe ren ce  
f o r  th e  t e r r y  c lo th  ’’m other” over th e  w ire  frame ’’m other” re g a rd le s s  
o f  th e  p o te n t ia l  f o r  food rew ard. Follow-up o f th e se  in fa n ts  in to  
m a tu rity  dem onstrated  d e v ian t m ating  and m othering  beh av io rs  w ith  
t h e i r  own young, a t t r ib u te d  by Harlow (1962) to  th e  deprived  e a r ly  
in f a n t  ex p erience  in  in te r a c t in g  w ith  a ”good” m othering f ig u re .
Adequate m othering  undoubtedly  a lso  a c ts  a s  th e  v e h ic le  
f o r  op tim al v is u a l  s t im u la tio n  o f  th e  in f a n t .  P h y s io lo g ic a l work 
w ith  th e  w ith h o ld in g  o f  l i g h t  and th e  re d u c tio n  o f  degrees o f  v is u a l  
s t im u la t io n  h as  e s ta b lis h e d  th a t  v is u a l  d e p r iv a tio n  in  th e  in fancy
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of v a r io u s  anim als r e s u l t s  in  perm anent and tem porary t i s s u e  changes
and d e v ia tio n s  in  v is u a l  re f le x e s  (Chow, R iesen , and N ew ell, 1957;
R iesen , 1950, 1960). R iesen  (1961) exp lained  th a t  in  th e  absence
o f senso ry  in p u t th e  m otor neurons do n o t rem ain q u ie scen t and
v is u a l  p e rc e p tio n  i s  im paired :
They become h y p e rs e n s it iv e  (Cannon and R osenhlueth , 19*+9) , 
and locom otor sequences may be i n i t i a t e d  fo llo w in g  minimal 
e x c i t i a t io n  and co o rd in a ted  on th e  b a s is  o f  p u re ly  i n t e r -  
n u n c ia l and e f f e r e n t  s e q u e n tia l  a c t i v i t y  (W eiss, 1941).
Where sensory  c o n tro l i s  d e f ic ie n t  o r ab sen t du ring  
developm ent, motor p a t te r n s  evolve e i th e r  in  accordance 
w ith  g e n e tic a l ly  determ ined p o t e n t i a l i t i e s  and r e s t r i c t i o n s  
o r  as a consequence o f i n t r i n s i c  n e u ra l o s c i l la to r y  
sequences. N e ith e r o f  th e se  guaran tees th e  e s tab lish m en t 
o f  motor in te g ra t io n s  th a t  w i l l  be e f f e c t iv e  under a given 
s e t  o f  environm ental c o n d itio n s , in c lu d in g  th e  c o n d itio n s  
under which an organism  ty p ic a l ly  l iv e s  ^ p .  76-77^/.
R ie se n 's  re se a rc h  a ls o  has dem onstrated th a t  w ith  chim­
p an zees , exposure to  p a tte rn e d  v is u a l  s t im u la tio n  i s  n ecessa ry  fo r  
adequate  v is u a l  p e rc e p tio n . There i s  s tro n g  sug g estio n  th a t  move­
ment w ith in  th e  p a tte rn e d  v is u a l  s t im u li  i s  a lso  n ecessary  in  
adequate  v isu a l-m o to r development (R iesen, 1958). Kagan (1968) 
s tu d ie d  160 human in fa n ts  and found th a t  bo th  v is u a l  p a t te r n  and 
movement to  be im portan t f a c to r s  in  th e  i n f a n t s ' v is u a l a t t e n t iv e ­
n e ss . For th e  f i r s t  s ix  to  n in e  weeks, he found th a t  th e  in f a n t  
m a in ta in s  lo n g  spans o f  a t te n t io n  to  s t im u li  th a t  move and to  
s t im u li  th a t  con tained  a h i ^  degree o f p h y s ic a l o r b lack -an d - 
w h ite  c o n tr a s t .
Held (1963) has dem onstrated in  h is  work w ith  neonate 
k i t t e n s  th a t  motor and v is u a l  f a c to r s  can be in te r a c t iv e ly  s tu d ied  
in  e a r ly  developm ent. His study  dem onstrated th a t  th e  k ind  o f 
movement o f  th e  organism  was c r i t i c a l ,  i . e . ,  movement p e r  se in
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th e  p resence  o f  a dependable v is u a l  surround was in s u f f i c i e n t  fo r  
normal v isu a l-m o to r developm ent. K itte n s  whose movements were 
e x te rn a lly -p ro d u ced  r a th e r  th an  s e lf - in d u c e d  d id  n o t develop n o r­
m ally . In  a l a t e r  study  by W hite and Held (1956), th re e  en v iro n ­
m ental f a c to r s  were c o n tro lle d  s im u ltan eo u sly : in c re a se d  t a c tu a l
s tim u la tio n ; in c reased  m o t i l i ty  p o te n t i a l ;  en rich ed  v is u a l  su rround . 
I n s t i tu t io n a l i z e d  in fa n ts  were used as s u b je c ts .  The f in d in g s  
suggested  th a t  f o r  abou t a month, th e  v is u a l  enrichm ent was 
a c tu a l ly  in e f f e c t iv e  and perhaps u n p le a sa n t as evidenced by th e  
in f a n t s ’ ten d in g  to  ig n o re  th e  v is u a l  surround and engaging i n i ­
t i a l l y  in  more c ry in g  th a n  c o n tro l  in f a n ts .  However, once p o s i t iv e  
responses to  th e  surround  began to  o ccu r, v is u a l  a t te n t io n  and 
v is u a l  a c t i v i ty  sh a rp ly  in c re a se d  over th e  c o n tro l  group. The 
en rich ed  group dem onstrated  a de lay  in  th e  o n se t o f  hand reg ard  
and sw iping which su p p o rts  th e  idea  t h a t  th e  d isco v ery  o f the  
hands i s ,  in  some m easure, a fu n c tio n  o f th e  a v a i l a b i l i t y  o f 
i n te r e s t in g  v i s ib le  o b je c ts .  An op tim al le v e l  o f  s tim u la tio n  i s  
obv iously  re q u ire d ; w ith  s l i ÿ i t  decrem ents o f  s t im u l i ,  th e  in f a n t  
w i l l  b r in g  motor b eh av io rs  in to  p lay  to  in c re a se  v is u a l  stim u­
l a t i o n  p o te n t ia l .
A number o f c u r re n t s tu d ie s  o f  th e  human m o th e r-ch ild  
r e la t io n s h ip  s t r e s s  th e  im portance o f  m ate rn a l re sp o n siv en ess . 
Escalona (1965) dem onstrated  t h a t  a c t iv e  b ab ies  ten d  to  e x h ib i t  
t h e i r  e n t i r e  r e p e r to i r e  o f  b eh av io r under c o n d itio n s  o f  minimal 
s t im u la t io n . Even when c o n ta c ts  w ith  t h e i r  m others were a t  th e  
minimum n ecessa ry  fo r  good p h y s ic a l c a re , th e  b a b ie s  seemed to
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make normal p ro g re s s . However, norm al p ro g ress  was found among 
in a c t iv e  in fa n ts  only i f  they  had m others who in te r a c te d  w ith  
them f re q u e n tly ; in a c t iv e  b ab ie s  who had l e s s  resp o n siv e  m others 
were com paratively  immature. Kagan (1968) c i te d  a s im ila r  e v a lu ­
a t io n  o f  human m o th e r-in fan t dyads in  a study  c a r r ie d  ou t by 
R ubenstein , She c la s s i f i e d  m others as  h ig h - a t te n t iv e ,  medium- 
a t t e n t iv e ,  o r lo w -a t te n t iv e , depending upon th e  number o f tim es 
they  looked a t ,  touched , h e ld , o r ta lk e d  to  t h e i r  in f a n ts .  I n ­
fa n ts  w ith  h ig h ly  a t te n t iv e  m others were found to  spend lo n g e r 
tim es s tu d y in g  and m an ipu la ting  a novel s tim u lu s  than  did  in f a n ts  
o f  m others who were ra te d  as lo w -a t te n t iv e .  Brody (1956) had 
p re v io u s ly  noted  in  a h an d lin g  study  o f  human in fa n ts  th a t  in f a n ts  
who rece iv ed  m oderate h an d lin g  were c o n s is te n t ly  more v is u a l ly  
a t t e n t iv e  than  th o se  re c e iv in g  minimal h an d lin g .
White and Held (1966), fo llo w in g  up B rody 's work, found 
s im ila r  r e s u l t s  w ith  in s t i tu t io n a l i z e d  human in f a n ts .  From th e  
age o f  s ix  days through  t h i r t y - s i x  days, in fa n ts  were ad m in is te red  
tw enty m inutes o f  e x tra  h an d ling  each day. W hile o th e r  develop­
m ental measures were ob ta ined  through  th e  age o f  152 days on th e  
experim en tal and c o n tro l groups, no changes were found in  any 
developm ental p ro cess  except th e  growth o f v is u a l  a t t e n t io n .
Summary
S ev era l m ajor themes seem to  emerge from th e  above 
re se a rc h  d ire c te d  a t  th e  e f f e c ts  o f  e a r ly  in f a n t  s tim u la tio n : 
re g a rd le s s  o f sense  m o d a lity , th e  p resen ce  o r absence of e x te rn a l  
s tim u la tio n  e a r ly  in  in fancy  does c o n tr ib u te  to  a h o s t o f  observed
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d if fe re n c e s  in  l a t e r  b eh av io r. Second, th e re  seems to  be an 
"op tim al” le v e l  o f  s tim u la tio n  re q u ire d  b e fo re  i t  i s  maximally 
e f f e c t iv e  in  th e  developm ental p ro c e ss . T h ird , in  s i tu a t io n s  where­
in  th e  s t im u la tio n  le v e l  i s  low , th e  in f a n t  engages in  behav io rs  
which seem ingly in c re a se  s t im u la tio n  l e v e l s .  Thus, e a r ly  in f a n t  
s tim u la tio n  cannot be viewed w ith  th e  in f a n t  as m erely a p a ss iv e  
r e c ip ie n t  o f  s tim u la tio n ; r a th e r  he i s  an " in te ra c to r "  w ith  h is  
environm ent and p a r t i c ip a te s  in  th e  m oderating o r  in c re a s in g  o f 
h i s  own l e v e l  o f s t im u la t io n . P resence o f a m aternal f ig u re  seems 
c ru c ia l  in  th e  immediate environm ent o f  th e  in f a n t ;  i t  i s  in c re a s in g ­
ly  c le a r  th a t  she i s  th e  m ajor v e h ic le  through  which op tim al stim u­
l a t i o n  le v e l s  a re  made p o s s ib le .
The In fa n t  as £  Source o f S tim u la tio n  
The p ro cess  which i s  go ing  on w ith  th e  in fa n t  in  th e  
b eg inn ing  m o th e r-in fan t r e la t io n s h ip  has been viewed in  a number 
o f  ways. O bservations o f  in f a n t  mammal beh av io rs  such as suck ing , 
h e a d - tu rn in g , c ry in g , c l in g in g , grim acing (sm ilin g ) , and fo llow ing  
have been viewed as s te re o ty p ic  b eh av io rs  em anating from in n a te  
p ro cesses  which a re  d i r e c t ly  r e la te d  to  su rv iv a l v a lu e . Lorenz 
(1957) was im pressed , however, by th e  f a c t  th a t  a young b i r d ,  fo r  
example, does n o t in s t in c t iv e ly  reco g n ize  a d u lt  members o f  i t s  
own s p e c ie s ;  i t s  in s t in c t iv e  endowment only p red isp o se s  i t  to  
fo llow  th e  f i r s t  moving th in g  i t  en co u n te rs . These o b se rv a tio n s  
le d  to  h i s  fo rm u la tio n  o f  th e  concep t o f  im p rin tin g , a phenomena 
th a t  d i f f e r s  from le a rn in g  in  two re g a rd s : (1) th e  o b je c t a cq u i­
s i t i o n  can ta k e  p la ce  only w ith in  a b r i e f  c r i t i c a l  p e rio d  in  th e
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l i f e  o f an in d iv id u a l w herein a very  s p e c i f ic  s t a t e  in  th e  young 
an im al’s development i s  re q u ire d  to  accom plish i t ;  (2) once th e  
p h y s io lo g ic a l c r i t i c a l  p e rio d  i s  over, th e  young anim al knows th e  
im prin ted  o b je c t e x ac tly  as though t h i s  knowledge were in n a te  and, 
th i s  p ro ce ss  seems i r r e v e r s ib le .
W ithin  th e  f i e ld  o f  e tho logy  IBM ( in n a te  r e le a s in g  mech­
anism) r e f e r s  to  a s in g le  s tim u lu s  which i s  always fo llow ed  by th e  
same c h a r a c te r i s t i c  b eh av io r. Hess (1952) ex p la ined  th a t  im p rin tin g  
r e f e r s  to  a sudden change in  th e  b eh av io r o f a young anim al in  which 
a s in g le  I RM i s  s e le c te d  from a la rg e  range o f  p o te n t ia l  IRMs. The 
s e le c te d  one i s  so s tren g th en ed  th a t  only to  i t  does th e  anim al 
respond. Hess (1959) and S c o tt  (1962) bo th  su p p o rt L o ren z 's  ob­
se rv a tio n s  th a t  a c r i t i c a l  p e rio d  e x is t s  d u rin g  which im p rin tin g  
may tak e  p lace  and th a t  th e  le n g th  o f  t h i s  c r i t i c a l  p e rio d  may 
vary between sp e c ie s . Both re s e a rc h e rs  have observed th a t  th e  
c r i t i c a l  im p rin tin g  p e rio d  te rm in a te s  w ith  th e  o n se t o f f e a r  b e ­
h a v io r in  th e  an im al.
Hess (1959, 1952) has m ain tained  th a t  im p rin tin g  i s  
d i r e c t ly  r e la te d  to  th e  e f f o r t  expended by th e  in f a n t  in  moving 
toward a source o f  s t im u la tio n . His s tu d ie s  concluded th a t  th e  
in te n s i ty  o f im p rin tin g  does n o t depend on th e  tim e o f  exposure 
to  th e  moving, r e t r e a t in g  o b je c t ,  b u t r a th e r  on th e  d is ta n c e  cover­
ed. Hess in te rp re te d  t h i s  to  be a m easure o f  th e  e f f o r t  ex erted  
o r th e  energy expended by th e  in fa n t  in  th e  p ro c e ss  o f  fo llo w in g .
The "law o f  e f f o r t "  i s  f u r th e r  supported  by th e  o b se rv a tio n  th a t  
anim als im prin ted  under th e  in flu en c e  o f  muscle r e la x a n t  drugs have
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t h e i r  subsequent im prin ted  b eh av io r in te r ru p te d  (Hess, 1962),
T h o u ^  im p rin tin g  has m ainly been observed in  b i r d s ,  be­
h a v io r  in  o th e r  sp e c ie s  which e s ta b lis h e s  th e  young a n im a l's  
re la t io n s h ip  w ith  i t s  own kind has been lik en ed  to  in g r in t in g .  
H ersher, Richmond and Moore (1963) , f o r  ex an ç le , observed th a t  
in  sheep and g o a ts , a m other-neonate bond i s  formed w ith in  hours 
a f t e r  b i r t h .  T h e re a f te r  th e  m other r e je c t s  any s tra n g e  in f a n t .  
V isual and locom otor fo llo w in g  o f  th e  human in f a n t  has been lik en ed  
to  th e  im p rin tin g  p ro c e ss  even th o u ÿ i in  th e  human sp ec ie s  i t  
develops l a t e r  th an  in  low er organism s (B a rn e tt, 1961).
T ra d it io n a l  d riv e  t h e o r i s t s  have exp lained  th e  e a r ly  
beh av io rs  o f  in f a n ts  w ith in  th e  frameworks o f d r iv e -re d u c tio n  o f 
prim ary m aintenance needs o r d r iv e s  ( e .g . ,  hunger, t h i r s t ,  sex , 
pa in ) an d /o r secondary re in fo rcem en t th e o r ie s .  However, th e  d r iv e -  
re d u c tio n  th e o r i s t s  s ta y in g  w ith in  the  framework o f what Morgan 
(1959) c a l le d  " v is c e r a l  d r iv e s ,"  were confron ted  w ith  th e  n e c e s s ity  
o f  ex p la in in g  a g en e ra l ca teg o ry  o f  o b se rv a tio n s  and re se a rc h  th a t  
was emerging: th e  a re a s  concern ing  c u r io s i ty ,  e x p lo ra tio n  and
m an ipu la tion  (B a rn e tt , 1958, B erlyne, 1958; B u tle r , 1953; B u tle r 
and Harlow, 1957; W elker, 1956). W ithin t h i s  a rea  o f  experim enta­
t io n ,  i t  became c le a r  th a t  an im als, in  th e  absence o f t r a d i t io n a l  
r e in fo rc in g  ag en ts  o r even ts  have a s tro n g  "m otive" to  exp lo re  
an d /o r m an ip u la te , and le a rn in g  seems to  be e s ta b lis h e d  on th e  b a s is  
o f  th e se  m otives. Thus, a case  was made fo r  th e  e x is te n c e  o f  an 
independent e x p lo ra to ry  d r iv e  (Montgomery, 195%), s im ila r  to  what 
Morgan (1959) c a l le d  a "som atic d riv e "  and B erlyne (1958) r e fe r re d  
to  as a " c u r io s i ty  d r iv e ."
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Many re s e a rc h e rs  f e e l  th a t  e x p lo ra tio n  i s  n o t th e  only 
m otive p e r  se and t h a t  n o v e lty  i s  n o t th e  only c h a r a c te r i s t i c  o f 
th e  l i f e  s i tu a t io n  which appears  to  in c i t e  e x p lo ra to ry  beh av io r 
(W hite, 1959). The th e o ry  has been advanced by many observers  
t h a t  a g e n e ra liz e d  need o b ta in s  on th e  p a r t  o f th e  organism  fo r  
th e  m aintenance o f  an a c t i v i t y  o r  a ro u sa l l e v e l  (Hebb, 1955; Malmo, 
1959; F isk e  and Maddi, 1961; S c h u ltz , 1965). Wedded to  th e  con­
c e p t o f  need fo r  a c t iv a t io n  o f  th e  organism  i s  th e  concept o f  
op tim al s t im u la t io n  le v e l s  (Leuba, 1955; P ribram , 1960; Fox, 1959; 
B u tle r  and R ice, 1963; S c h u ltz , 1965; Hunt, 1965).
N eu ro physio log ica l re s e a rc h  reg a rd in g  c o r t i c a l  a ro u sa l 
has p a r a l le le d  p sy ch o lo g ica l th e o r iz in g  reg a rd in g  a c t iv a t io n  le v e l  
hypo theses and b eh av io r. The f i r s t  re le v a n t f in d in g  in  th e  f i e ld  
o f  neurophysio logy  was t h a t  o f Moruzzi and Magoun (19M-9) who de­
s c r ib e d  a m edial core p r im a r i ly  in  th e  m idbrain  and h in d b ra in  
which was capab le  o f a c t iv a t in g  th e  c e re b ra l  c o r te x . This system 
has been c a l le d  th e  ascend ing  r e t i c u l a r  a c t iv a t in g  system .
L in dsley  (1951) noted th a t  marked b e h a v io ra l d i s tu r ­
bances occur under c o n d itio n s  o f  sensory  d e p r iv a tio n  and overload . 
He reasoned  th a t  th e  r e t i c u l a r  fo rm ation  fu n c tio n s  as  a m oderator 
o f  s t im u l i ,  bo th  o f  senso ry  in p u t and o u tp u t. L in d sley  (1961) 
ex p la in ed :
The ad justm en t o r a d a p ta tio n  le v e l  o f  th e  r e t i c u l a r  forma­
t io n  a s  i t  m onito rs b o th  incoming and ou tgo ing  messages 
becomes very  much a p a r t  o f th e  p ro cess  o f le a rn in g  and 
h a b i t  fo rm atio n , j u s t  as  i t  does fo r  th e  more elem entary 
p e rc e p tu a l p ro c e sse s . I t s  changes and ad justm en ts  depend 
upon th e  ebb and flow  o f  a c t i v i t y  in  th e  a f f e r e n t  o r 
e f f e r e n t  system s and when th e se  a re  r e s t r i c t e d ,  
compensatory ad ju stm en ts  a re  made w ith in  l i m i t s .  When
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t h i s  f a i l s ,  under more w idely  d e v ia t in g  co n d itio n s_ o f 
r e s t r i c t i o n ,  b eh av io r becomes d iso rg an ized  / p .  181 /.
I t  has been found t h a t  a sensory  stim u lu s  o f  any m o d a lity , w hether 
in te ro c e p t iv e  o r e x te ro c e p tiv e , can a f f e c t  th e  a ro u sa l system  
(Moruzzi and Magoun, 194-9; Herandez-Peon, S c h e rre r , and Jo u v et, 
1956). L in d s le y ’s f u r th e r  work su g g es ts  th a t  i t  i s  th e  sudden 
change in  s tim u lu s  c o n d itio n s , r a th e r  th an  j u s t  s tim u lu s  o n se t, 
which i s  re sp o n s ib le  f o r  c o r t i c a l  and b eh av io ra l a ro u sa l (Wein­
b e rg e r  and L in d sle y , 1964).
R outtenberg  (1968) p o s tu la te d  th a t  th e re  i s  y e t an o th er 
a ro u sa l c e n te r  w ith in  th e  lim b ic -m id b ra in  s e c tio n  (A rousal System 
I I )  which fu n c tio n s  in te r a c t iv e ly  w ith  th e  r e t i c u l a r  system 
(A rousal System I ) , b u t which m ediates d i f f e r e n t  a sp e c ts  o f  be­
h a v io r . R o u tte n b e rg 's  h y p o th esis  i s  th a t  A rousal System I  i s  
im portan t in  th e  o rg a n iz a tio n  of response  a sp e c t o f behav ior 
(response energy , d r iv e ) ; A rousal System I I  i s  im portan t in  r e ­
in fo rcem en t, o r in c re a s in g  th e  p ro b a b i l i ty  th a t  a p a r t i c u la r  
response  w i l l  occur again  ( in c e n t iv e ) . R outtenberg s ta te d :
Perhaps a more a cc u ra te  view i s  th a t  th e  two system s 
a re  in  a c o n s ta n t s t a t e  o f  a c t i v i t y ,  and th a t  re c ip ro c a l  
su p p re ss io n  a llow s fo r  A rousal System I  and A rousal 
System I I  to  be in  dynamic eq u ilib riu m ; f i r s t  one a c t iv e ,  
th en  th e  o th e r .  One m i ^ t  assume th e re fo re ,  t h a t  th e  
organism  re g u la te s  i t s  behav io r such th a t  th e re  e x is t s  
a dynamic ba lan ce  o f  a c t i v i t y  between th e se  two system s 
/ p .  6 3 /.
W ithin  th e  framework o f  n eu ro p h y s io lo g ica l re sea rc h  and 
th e o r ie s ,  se v e ra l p sy ch o lo g ica l th e o r ie s  resem bling  th e  concepts 
o f op tim al a c t iv a t io n  le v e l s  and i n t r i n s i c  m o tiv a tio n  have evolved. 
For exam ple, Hebb (1949) h as  lo n g  emphasized th e  im portance o f
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s t im u la tio n  in  h i s  n eu ro psycho log ica l th e o r iz in g  o f th e  determ in ­
a n ts  o f  e f fe c t iv e n e s s  o f  perform ance. Hebb (1955) used  an in v e r te d  
U model to  dem onstrate  th e  r e la t io n s h ip  between a ro u sa l fu n c tio n  
o f  s tim u la tio n  and p o te n t ia l  (a c tu a l le v e l  o f cue fu n c tio n ) o f  
s t im u la t io n . M cClelland e t  a l .  (1953) have proposed th a t  a f f e c t iv e  
a ro u sa l i s  d is t r e s s in g  i f  la rg e  d isc re p a n c ie s  between th e  s tim u lus 
in p u t and an a d a p ta tio n  le v e l  o f  th e  organism  occur.
Fox (1959) in  ex p la in in g  h i s  re s e a rc h  w ith  th e  l i ^ t -  
reward b eh av io r o f  monkeys, p o s tu la te d  th e  concep ts o f  acu te  a c t i ­
v a tio n  le v e l  and ch ro n ic  a c t iv a t io n  l e v e l .  He viewed b a r-p re s s in g  
response  fo r  l i ^ t  a f t e r  l i ^ t  d e p r iv a tio n  as a need f o r  sensory  
reward determ ined by th e  re d u c tio n  in  a c t iv a t io n  o f  n o n -sp e c if ic  
a re a s  o f  th e  b ra in  stem . He accounted f o r  an in c re a se d  need fo r  
l i g h t  when monkeys were drugged w ith  amphetamine by p roposing  an 
i n t r i n s i c  o r ch ro n ic  a c t iv a t io n  l e v e l . T h is a c t iv a t io n  le v e l  
re p re se n te d  a l l  p re v io u s  sensory  in p u t and e s p e c ia l ly  th a t  o ccu rrin g  
e a r ly  in  th e  h is to r y  o f  th e  an im al. The ch ro n ic  a c t iv a t io n  le v e l  
was viewed as b e in g  r e la t iv e ly  perm anent and changing slow ly 
over tim e . The acu te  a c t iv a t io n  le v e l  i s  induced by t r a n s ie n t  
s t im u la tio n ; th e  an im a l’s immediate need f o r  s tim u la tio n  i s  a 
fu n c tio n  o f  th e  match (o r  la c k  o f  match) betw een th e  acu te  and 
ch ro n ic  a c t iv a t io n  l e v e l s .  B u tle r  and Rice (1953) in fe r r e d  th e  
fo llo w in g  from Fox’s  p o s tu la t io n s :
(1) A match between th e  two le v e l s  o f  a c t iv a t io n  
corresponds to  a la c k  o f  i n t e r e s t .  . . .  A 
s tim u lu s  sou rce  may i n i t i a l l y  produce a match 
between th e  a c u te  and ch ro n ic  a c t iv a t io n  le v e l s ,  
b u t soon th e r e a f t e r  th e  s tim u lu s  may lo s e  i t s  
c a p a c ity  f o r  p roducing  acu te  a c t iv a t io n .  I t  i s
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expec ted , th e re fo re ,  than  an organism  w i l l  be 
induced to  scan i t s  environm ent and o r ie n t  to  
o th e r  s t im u li .
(2) When th e  ch ron ic  a c t iv a t io n  le v e l  i s  h ig h e r th an  
th e  a c u te  l e v e l ,  a d ie n t behav io r toward an 
a c t iv a t in g  s tim u lu s  w i l l  fo llo w . . . .
(3) When th e  acu te  le v e l  i s  h i ^ e r  th a n  th e  ch ro n ic  
l e v e l ,  th e  s t im u li  p roducing  th e  acu te  l e v e l  w i l l  
be avo ided , w i l l  assume an a v e rs iv e  c h a ra c te r .  In  
o th e r  w ords, th e  p o s i t iv e  v a lence  and n e g a tiv e  
valence  o f  s t im u li  correspond to  a s t a t e  o f th e  
organism  in  r e la t io n  to  s t im u li ;  th ey  a re  n o t 
i n t r i n s i c  c h a r a c te r i s t i c s  o f  th e  s t im u li  them selves
88/ .
B u tle r  and Rice (1963) proposed th a t  acu te  and ch ro n ic  a c t iv a t io n
le v e l s  could  e x p la in  a developm ental d riv e  in  organism s:
M aintenance d r iv e s  se rve  to  re p le n is h  and supply  th e  
organism . They may produce acu te  a c t iv a t io n  le v e l s  
below th e  ch ro n ic  le v e l  (low s tre n g th )  and may r i s e  
u n t i l  th e  a c u te  le v e l  i s  above th e  ch ro n ic  le v e l  
(higji s t r e n g t h ) . . . .  Developmental d r iv e s  / i t a l i c s  
m ine/ a re  c h a ra c te r iz e d  by chroni^c le v e ls _ o f  a c t iv a t io n  
th a t  a re  above th e  acu te  le v e l  ^ p .  9 4 -9 V .
Walker (196>+) proposed th e  concept o f optim al com plexity  
f o r  th e  organism  which in c o rp o ra te s  b o th  com plexity  (in c o n g ru ity )  
and a ro u s a l. P sy ch o lo g ica l com plexity i s  dependent upon th e  com­
p le x i ty  o f  s tim u lu s  th a t  i n i t i a t e s  th e  ev en t; th e  a ro u sa l p ro ­
p e r t i e s  o f  th e  ev en t; th e  frequency and recency o f p a s t  o ccu rren ces  
o f  th e  ev en t; s e le c t iv e  re a d in e ss  fo r  t h a t  c la s s  o f  e v e n ts . A 
c e n tr a l  p r in c ip le  o f  W alker’s fo rm u la tio n  concerns a d a p ta tio n  to  
re p e a te d ly  encountered even ts  o r in p u ts .  As each le v e l  o f  com­
p le x i ty  i s  re p e a te d ly  encountered , com plexity  f a l l s  below th e  
optim al le v e l  r e s u l t in g  in  th e  organism  seek in g  an in c re a se d  l e v e l .  
W alker’s fo rm u la tio n s  a re  s im ila r  to  th o se  o f  Hunt (1965):
. . .  an op tim al s tan d a rd  o f  in c o n g ru ity  o f s t im u li
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su p p lie s  a m o tiv a tio n  fo r  b eh av io r change and le a rn in g  
th a t  i s  in h e re n t w ith in  th e  organism ’s in fo rm a tio n a l 
in te r a c t io n  w ith  i t s  c ircu m stan ces; in h e re n t w ith  see in g  
and h e a r in g . Repeated encoun ters  w ith  g iv en , s t a t i c - 
o rg a n iz a tio n s  o f  in p u t le a d  to  a d a p ta tio n . In  th e  
in v e s t ig a t io n s  o f  th e  o r ie n t in g  response  t h i s  a d a p ta tio n  
shows as a lo s s  o f a t te n t io n  v a lu e  and o f  a ro u sa l r e a c t io n .
. . . This f a c t  t h a t  re p e a te d ly  encountered  s t a t i c  
o rg a n iz a tio n s  o f  in p u t become s u b je c t iv e ly  p a sse  prompts 
organism s to  tu rn  away from unchanging c ircu m stan ces  to  
th o se  p ro v id in g  m oderate degree o f  in c o n g ru ity . This 
su p p lie s  an ex p lan a to ry  in te^rpretçation o f  b o th  e x p lo ra to ry  
and m an ip u la tiv e  b eh av io r 221 / .
Hunt r e la te d  h i s  fo rm u la tio n s  o f  i n t r i n s i c  m o tiv a tio n  and 
th e  p r in c ip le  o f  op tim al in co n g ru ity  to  P ia g e t’s o b se rv a tio n s  o f 
th e  p sy ch o lo g ica l development o f h is  own th re e  c h ild re n . From 
th e se  o b se rv a tio n s . Hunt p o s tu la te d  th a t  th e re  a re  roughly  th re e  
developm ental s ta g e s  o f  i n t r i n s i c  m o tiv a tio n  in  th e  f i r s t  two years  
o f th e  human in f a n t ’s l i f e .  In  s ta g e  one, th e  in f a n t  can be sa id  
to  be a t te n t iv e  and re sp o n siv e  to  changes in  ongoing in p u t. D uring 
s tag e  two, th e  in f a n t  shows th e  beg inn ing  o f  in te n t io n s  toward 
keeping o r g a in in g  p e rc e p tu a l c o n ta c t w ith  sou rces o f  in p u t which 
have j u s t  become reco g n izab le  t h r o u ^  rep ea ted  e n co u n te rs . In  
s tag e  th re e ,  th e  c h ild  becomes in te r e s te d  in  n o v e lty , and i t  i s  
w ith in  s tag e  th re e  th a t  th e  p r in c ip le  o f  op tim al in co n g ru ity  b e ­
comes c le a r ly  o p e ra tiv e .
In  r e l a t in g  s ta g e  one o f i n t r i n s i c  m o tiv a tio n  to  th e  in ­
fa n t  d e p r iv a tio n  s tu d ie s  (S p itz , 1945, 1946; D ennis, 1960), Hunt 
(1965) s ta te d :
Because th e  c o n d itio n  a s so c ia te d  w ith  r e ta r d a t io n  was 
absence o f m a ternal c o n ta c t. S p itz  in fe r r e d  th a t  th e  
r e ta rd a t io n  he found in  th e  ’’Foundling Home” was 
a t t r ib u ta b le  to  an absence o f m othering . But th e re  i s  
an o th er in fe re n c e  p o s s ib le .  One o f  th e  im p o rtan t 
consequences o f  "m othering” i s  p robab ly  th e  o p p o rtu n ity
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to  encoun ter many v a r ia t io n s  in  re c e p to r  in p u t .  A nother 
i s  p robab ly  an o p p o rtu n ity  to  encoun ter s e q u e n tia l ly  
o rgan ized  re c e p to r  in p u ts . S t i l l  an o th er i s  th e  opportu ­
n i ty  o f th e  in fa n t  to  g e t change o f  in p u t from h i s  own 
a c t io n s .  A l th o u ^  hunger and t h i r s t  a re  o f  th e  essence 
f o r  s u rv iv a l ,  o p p o r tu n i t ie s  f o r  such in fo rm a tio n a l i n t e r ­
a c t io n  a re ' v e ry  l i k e ly  o f  th e  essence f o r  i n t e r e s t  in  
o b je c ts ,  p e rso n s , and p la c e s . W ithout such o p p o r 'tu n itie s  
d u rin g  th e  e a r l i e s t  weeks and months, th e  in f a n t  rem ains 
a p a th e t ic .  S ince th e  n e o n a te ’ s only s tan d a rd  fo r  in f o r ­
m atio n a l in te r a c t io n  i s  t h a t  o f  on-going in p u t ,  th e  
absence o f  change presum ably means th e  absence o f m o tiv a tio n  
and re sp o n siv e n e ss . T h is , by d e f in i t io n ,  i s  apathy 
/p .  2 3 y .
During s ta g e  two, th e  in f a n t  i s  no lo n g e r  m erely re sp o n s iv e ; th e  
in f a n t  appears to  a n t ic ip a te  th e  goal o f  h i s  a c t io n ,  and to  a c t  in  
th e  absence o f  some p re v io u s ly  experienced  event im p lie s  more th an  
mere a t t e n t io n  to  th e  changes in  ongoing in p u t as d u ring  th e  f i r s t  
s tag e  o f  i n t r i n s i c  m o tiv a tio n . Hunt (1965) e x p la in ed , ”I t  i s  
’i n t e n t io n ’ in  th e  sense th a t  th e  in s t ig a t io n  o f  a c t io n  i s  based 
on in c o n g ru ity  w ith  a s tan d a rd  w ith in  th e  in f a n t ”̂ .  237/.
Hunt f e l t  i t  i s  only a t  o r  a f t e r  s ta g e  two th a t  a human
in fa n t  beg in s  to  show f e a r  o f s tra n g e  o b je c ts ,  p e rso n s , and p la c e s
o r to  show d i s t r e s s  a t  th e  absence o f  f a m il ia r  ones.
These em otional re a c tio n s  presum ably make t h e i r  appearance 
because th e  in f a n t  h as  a c q u ire d , t h r o u ^  re p e a te d  en­
co u n te rs  w ith  f a m il ia r  o b je c ts ,  p e rso n s , and p la c e s ,  
c e n t r a l  p ro c e sses  re p re s e n ta t iv e  o f  them. The c e n tr a l  
p ro c e sse s  c o n s t i tu te  s tan d a rd s  w ith  which th e  in p u ts  from 
th e  s tra n g e  a re  incongruous. . . Not only does th e  
s tra n g e  f r ig h te n  him, b u t, a l s o ,  lo s s  o f  p e rc e p tu a l 
c o n ta c t .  . . can be a source o f  what has been c a lle d  
’’s e p a ra tio n  a n x ie ty ” , a l t h o u ^  i t  m i ^ t  b e t t e r  be c a lle d  
’s e p a ra tio n  g r i e f ’ (Hunt, 1965, p . 239).
For Hunt th e  a ttachm ent to  o b je c ts  w ith  ré c o g n itiv e  f a m i l ia r i ty
le a d s  n o t only to  e f f o r t s  to  re g a in  o r  o b ta in  p e rc e p tu a l c o n ta c t ,
b u t a lso  to  ex p ress io n s  o f  d e l i c t  o r  to  e x p re ss io n s  o f  d i s t r e s s
when p e rc e p tu a l c o n ta c t cannot be reg a in ed .
Hunt sees an analogy between th e  f i r s t  and second s tag es  
o f  i n t r i n s i c  m o tiv a tio n  o f  th e  human in fa n t  and th e  fo llo w in g  
responses o f  anim als which p ro v id e  evidence f o r  im p rin tin g . L ike­
w ise analogous to  im p rin tin g  i s  th e  o n se t o f  f e a r  re sp o n se s . The 
human i n f a n t 's  e f f o r t s  to  m a in ta in  o r re g a in  p e rc e p tu a l c o n ta c t 
w ith  o b je c ts  a re  fu n c t io n a l ly  e q u iv a le n t to  a f f i l i a t i v e  a t ta c h ­
ments in  an im als. Hunt p o in ted  ou t th a t  th e  d u ra tio n  o f  p e rc e p tu a l 
c o n ta c t re q u ire d  to  produce re c o g n itio n  c a th e x is  in c re a se s  up th e  
p h y lo g en etic  s c a le .  For example, in  ducks and g eese , th e  d u ra tio n  
o f  p e rc e p tu a l c o n ta c t may be as l i t t l e  as m inu tes; in  sheep and 
g o a ts , a m a tte r  o f  h o u rs ; in  th e  monkey from te n  days to  two weeks; 
in  th e  chimpanzee about two months; in  th e  human in f a n t ,  f iv e  o r 
s ix  months.
I t  would appear th a t  in  observ ing  s ta g e  one and s tag e  
two o f i n t r i n s i c  m o tiv a tio n  in  th e  low er organism , th e re  i s  a 
te le sc o p in g  o f tim e e f f e c t .  Not only i s  th e re  a s h o r te r  d u ra tio n  
o f p e rc e p tu a l c o n ta c t re q u ire d  to  e s ta b l i s h  ev idence o f  a ttachm ent 
to  th e  mother f ig u r e ,  b u t s h o r te r  p e rio d s  o f  tim e a re  re q u ire d  fo r  
th e  low er organism  to  i n t e r a c t  w ith  th e  environm ent and develop 
p e rc e p tu a l s k i l l s .  T his may e x p la in  th e  co n tro v e rsy  re g a rd in g  
v is u a l  dep th  p e rc e p tio n  w herein  i t  has been d i f f i c u l t  to  re c o n c ile  
th e  f in d in g s  o f  von Senden (1960) whose human s u b je c ts  p o s t­
c a ta r a c t  su rg e ry  re q u ire d  a co n s id e ra b le  p e rio d  o f  tim e b e fo re  
develop ing  adequate v is u a l  p e rc e p tio n , and th e  f in d in g s  o f  Kurke 
(1955) whose d a rk -re a re d  ch ick s  dem onstrated  as adequate  dep th
34-
p e rc e p tio n  as d id  l ig h t - r e a r e d  ch ick s .
In  connection  w ith  th e  concept o f tim e o f  p e rc ep tu a l 
e x p e r ien c e , i t  i s  l i k e l y  t h a t  th e  n e u ro lo g ic a l endowment o f th e  
organism  a t  b i r t h  i s  a c ru c ia l  f a c to r .  Hunt (1965) po in ted  ou t 
th e  in c re a s in g  r a t i o  o f i n t r i n s i c  p o r tio n s  o f th e  b ra in  to  e x t r in ­
s i c  p o r t io n s  o f th e  b ra in  as one goes up th e  p h y lo g en e tic  s c a le , 
su g g es tin g  th a t  th e  tim e re q u ire d  to  develop c e n t r a l  p ro cesses  
to  m ediate d is c r im in a tiv e  a ttachm en ts  and p e rc e p tu a l in te g ra t io n s  
ta k e s  lo n g e r  in  b ra in s  where th e  i n t r i n s i c  p o r tio n  i s  la rg e .  Neuro­
m uscular development and c o o rd in a tio n  endowment a t  b i r t h  i s  s im i­
l a r l y  r e l a t e d .  For ex an g le , th e  le n g th  o f tim e f o r  th e  normal 
neonate  to  dem onstrate v is u a l  dep th  p e rc e p tio n  fo llo w s a h ie r -  
a r c h ia l  sequence dependent upon v is u a l  and locom otor a b i l i t i e s  
a t  b i r t h .  This has been dem onstrated  by th e  dep th  p e rcep tio n  
s tu d ie s  o f  Gibson and Walk (1960) who used th e  v is u a l  c l i f f  appara­
tu s :
The s u rv iv a l  o f  a sp e c ie s  re q u ire s  t h a t  i t s  members 
develop d is c r im in a tio n  o f  dep th  by th e  tim e th ey  take 
up independent locom otion , w hether a t  one day (the  
ch ick  and th e  g o a t ) , th re e  to  fo u r  weeks ( th e  r a t  
and the^ c a t)  o r s ix  to  te n  months (th e  human in fa n t)
ZP- 5 5 /.
The ex ac t n a tu re  o f  e x te rn a l s t im u li  necessa ry  fo r  i n t e ­
g ra t io n  o f  p e rc e p tu a l s k i l l s  and a f f i l i a t i v e  a ttachm ents  would a lso  
seem r e l a t i v e  to  th e  degree o f  n e u ro lo g ic a l co n p lex ity  o f  th e  
organism  and i t s  congetency f o r  fu n c tio n in g  a t  b i r t h .  B u tle r  and 
R ice (1963) in  t h e i r  review  o f  th e  re se a rc h  on e a r ly  in fa n t  stim u­
l a t i o n  s ta te d :
What th e  s tu d ie s  on b o th  s tim u lu s  d e p riv a tio n
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( in ç ro v e rish e d  experience) and unusual amount o f stim u­
l a t i o n  seem to  in d ic a te  i s  t h a t  in  a r e la t iv e  way the  
amount o f  s tim u la tio n  may be more im portan t f o r  younger 
organism s and th e  complexi^ty o f  s th n u la tio n  more im port­
a n t fo r  o ld e r  organism s /p p . 8 4 -8 ^ /.
The im p rin tin g  s tu d ie s ,  p a r t i c u la r ly  th o se  o f Hess (1962) who
re sea rch ed  th e  e f f e c t s  o f  energy expended du ring  th e  im p rin tin g
(a ttachm en t) p e r io d , su g g est t h a t  f o r  th e  low er organism such as
th e  g o s lin g  o r  th e  c h ick , th e  amount ( in te n s i ty  and v a r ia b i l i ty )
o f  s t im u la tio n  in s t ig a te d  by e x te rn a l sou rces may be more im portan t
th an  th e  com plexity  o r  th e  m eaningfu lness (p a tte rn in g )  o f  the
s t im u l i .
While s tim u lu s  m eaningfu lness and co n g lex ity  would seem 
to  become more im p o rtan t r e l a t iv e  to  in c re a s in g  n e u ro lo g ic a l com­
p le x i ty  o f  th e  neonate  organism  observed , th e se  s tim u lu s  c h a ra c te r ­
i s t i c s  would a lso  seem r e la t iv e  to  th e  kind  o f b e h av io ra l develop­
ment b e in g  s tu d ie d . T his view seems supported  by th e  work o f Pearce 
(1967) in  h is  study  o f  "good” and "bad" m othering p a t te rn s  in  sheep, 
and Baumgold (1967) in  h is  study o f  v is u a l  depth  p e rc ep tio n  o f lambs. 
P earce found th a t  "good" sheep m others norm ally  groom t h e i r  young 
f o r  p ro longed p e rio d s  and perm it t h e i r  young to  in t e r a c t  w ith  them, 
r e s u l t in g  in  an in te r a c t in g  dyad o f  s te r e o ty p ic  m other/young b e ­
h a v io rs . "Bad" m others ty p ic a l ly  r e s i s t  a l l  a ttem p ts  a t  i n t e r ­
a c t io n  by t h e i r  young, a t  tim es b u t t in g  them w ith  v ig o r . Thus th e  
ty p ic a l  p a t te r n s  o f  s t im u li  and resp o n ses  were ab sen t from th e  i n t e r ­
a c t io n ,  b u t in te n s i ty  and v a r i a b i l i t y  o f  s t im u la tio n  were c e r ta in ly  
p re s e n t .  S tim ulus p a t te rn in g  seemed c r u c ia l  in  t h i s  s i tu a t io n  fo r  
r e s u l t a n t  a ttachm en t b eh av io r o f  th e  m other and h e r  young, w hereas.
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w ith  H ess' low er an im als i t  seems t h a t  th e  f a c to r  o f  s tim u lu s  in ­
t e n s i ty  a lone  was s u f f i c i e n t .  However, f o r  th e  developm ent o f  v i s ­
u a l  dep th  p e rc e p tio n  o f  Baumgold's lam bs, th e  absence o f th e  com­
p le x i ty  and m eaningfu lness c h a r a c te r i s t i c s  o f  th e  s tim u lu s  s e t t in g  
d id  n o t seem to  have n e g a tiv e  e f f e c t s .  "Bad" m othered lambs demon­
s t r a t e d  v is u a l  c l i f f  p e rc e p tio n  as soon as d id  "good" m othered 
lam bs. Baumgold's o b se rv a tio n s  can be in te rp re te d  as evidence th a t ,  
f o r  th e  developm ent o f  v is u a l  dep th  p e rc e p tio n  i n  th e  lam b, an op­
tim a l a c t iv a t io n  le v e l  o f  th e  anim al i s  p r e r e q u is i t e .  T his a c t i ­
v a tio n  le v e l  i s  dependent upon th e  in te n s i ty  and v a r i a b i l i t y  o f 
e x te rn a l  s tim u lu s  c o n d itio n s  r a th e r  th an  t h e i r  com plexity  o r  mean­
in g fu ln e s s .
Summary
At any l e v e l  o f  th e  p h y lo g en e tic  s c a le ,  th e  in f a n t  emerges 
as  an a c t iv e  organism , n o t j u s t  a r e a c t iv e  one. The degree to  
which th e  in f a n t  p a r t i c ip a te s  in  th e  t r a n s a c t io n s  w ith  h i s  env iron­
ment seems a fu n c tio n  o f  i t s  neurom uscular endowment a t  b i r t h .
In  th e  o rgan ism ’s f u r th e r  developm ent o f  p e rc ep tu a l/m o to r 
p ro c e sse s , from b i r t h  onward, op tim al l e v e l s  o f s tim u lu s  in te n s i ty  
seem an u n d erly in g  g iv en  in  th e  in f a n t  m aintenance o f  an optim al 
le v e l  o f  a c t i v i t y .  As th e  organism s chosen f o r  s tu d y  become more 
complex in  term s o f  t h e i r  immediate n e o n a ta l n e u ro lo g ic a l endow­
ment and p o te n t ia l  f o r  fu tu re  complex t r a n s a c t io n s  w ith  th e  world 
( e .g . ,  c o g n itiv e  a b i l i t i e s ) ,  th e  needs fo r  s tim u lu s  com plexity  and 
m eaningfulness become more c r u c ia l ly  in te r tw in e d  w ith  s tim u lu s  
in te n s i ty  v a r ia b le s .
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The d u ra tio n  o f  p e rc e p tu a l c o n ta c t and in te r a c t io n  a lso  
seem r e la te d  to  th e  com plexity o f  th e  organism  s tu d ie d , i . e . ,  
lo n g e r p e r io d s  o f tim e seem to  be re q u ire d  f o r  th o se  organism s 
which a re  more dependent in  th e  n e o n a ta l p e r io d , b u t a t  th e  same 
tim e a re  d e s tin ed  to  in t e r a c t  more co n p lex ly  w ith  t h e i r  environm ent 
a t  m a tu r ity .
F in a l ly ,  i t  would seem th a t  even though a number o f  
develop ing  b eh av io rs  w ith in  a n e o n a te ’s r e p e r to i r e  a re  observed 
to  be o ccu rrin g  a t  th e  same p o in t  in  tim e , i t  i s  u n lik e ly  th a t  th e  
id e n t ic a l  s tim u lu s  c o n d itio n s  a re  p r e r e q u is i t e  fo r  th e  s im u ltan eo u s­
ly  evo lv ing  b eh av io rs .
The focus o f p re se n t study  i s  th e  in v e s t ig a t io n  o f  th e  
m o th e r- in fa n t in te r a c t io n  in  sheep w ith  p a r t i c u l a r  re fe re n c e  to  
th e  in f lu e n c e  o f  v a ry in g  a c t iv a t io n  l e v e l s  o f  th e  ewe-lamb p a i r  
on th e  v is u a l  depth  p e rc ep tio n  o f  th e  neonate  lamb.
R elated  Sheep S tu d ie s
The p re s e n t s tudy  grew ou t o f  r e la te d  re se a rc h  in  th e  
departm ent o f  psychology a t  th e  U n iv e rs ity  o f  Oklahoma ( P a t t e r ­
son , 1965; L i t t l e ,  1966, Baumgold, 1967; P ea rce , 1967). W ith th e  
ex cep tio n  o f  P earce , who s tu d ie d  th e  c h a r a c te r i s t i c s  o f  m othering  
p a t te rn s  in  ewes, th e  prim ary focus o f  t h i s  re s e a rc h  was th e  develop­
ment o f  v is u a l  c l i f f  depth  p e rc e p tio n  in  th e  neonate  lam b. P a t te r ­
son, L i t t l e  and Baumgold’ s s tu d ie s  d e a l t  w ith  th e  m an ip u la tio n  o f  
th e  ewe-lamb r e la t io n s h ip  and th e  e f f e c t s  o f  th e se  v a r ia t io n s  on 
th e  o n se t o f  depth  p e rc ep tio n  in  th e  lam b. Appendix I  shows a 
summary o f v is u a l  c l i f f  p e rc e p tio n  perform ance fo r  th e  above s tu d ie s .
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P a tte rs o n  (1965) worked from th e  g e n e ra l h y p o th esis  th a t  
d i f f e r e n t i a l  tre a tm e n t o f  th e  young o f many sp e c ie s  in  r e l a t io n  to  
th e  m other-neonate  in te r a c t io n  may produce d ram atic  d if f e re n c e s  in  
a v a r ie ty  o f l a t e r  b eh av io rs  o f th e  o f f sp r in g . He p o s tu la te d  th a t  
mothered lambs would avoid  th e  v is u a l  c l i f f ,  i . e . ,  p e rc e iv e  dep th , 
a t  a s ig n i f ic a n t ly  e a r l i e r  age th en  would unmothered lam bs. In  
o rd er to  determ ine i f  th e  a c q u is i t io n  o f  th e  tendency to  avoid 
th e  v is u a l  c l i f f  were v is u a l ly  m ediated in  th e  m othered lam bs, 
goggles were used to  p re v e n t p a tte rn e d  v is io n  to  a group o f o th e r ­
w ise norm ally  m othered lam bs. A ll  mothered lambs achieved th e  
c r i t e r io n  avoidance response  to  th e  v is u a l  c l i f f  s i tu a t io n  b e fo re  
t h e i r  unmothered p a ir-m a te s  w hether o r  n o t th e  m othered lambs had 
access  to  p a tte rn e d  v is io n .  P a tte rs o n  (1965) concluded th a t  th e  
e a r ly  appearance o f avoidance b eh av io r in  m othered lambs rep re sen ted  
a p r im it iv e  form o f  ”ego” fu n c tio n in g  o p e ra tin g  th rough  sp e c ie s -  
s p e c i f ic  b e h av io r , and t h a t  such "ego" fu n c tio n in g  i s  o f su rv iv a l 
va lue  to  th e  in f a n t  / p .  5 4 /. P a t te r s o n 's  c o n c lu s io n , s ta te d  in  
h o l i s t i c  te rm s , seems more accep tab le  to  p re se n t day th e o r iz in g , 
i . e . ,  t h a t  th e  d i f f e r e n t i a l  r e s u l t s  can be ex p la in ed  on th e  b a s is  
o f e f f i c i e n t  e s ta b lish m e n t o f a b a s ic  organism ic e q u ilib riu m  in  
th e  normal m other-neonate  r e la t io n s h ip .  As to  th e  im portance o f 
v is u a l  s t im u li  in  th e  development o f  depth  p e rc e p tio n , P a tte rso n  
concluded th a t  such p e rc e p tio n  was n o t dependent upon v is u a l  le a r n ­
in g , b u t i s  p robab ly  more c lo se ly  r e la te d  to  g r a t i f i c a t i o n  o f  con­
t a c t  needs.
Walk, G ibson, and T i ^ e  (1957) e a r l i e r  had concluded th a t
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depth  d is c r im in a tio n  occurs independently  o f  le a rn in g . They te s te d  
90-d ay -o ld  l ig h t- a n d  d a rk -re a re d  r a t s  on th e  v is u a l  c l i f f ,  and 
found th a t  anim als from both  groups r e l i a b ly  chose th e  shallow  
(sa fe )  s id e . Nealey and Edwards (1960) r e p l ic a te d  th e  work o f 
Walk e t  , a llow ing  th e  d a rk -re a re d  r a t s  to  l ig h t- a d a p t  under 
t r a n s lu c e n t  hoods to  avoid  th e  o p p o rtu n ity  f o r  p a tte rn e d  v i s i o n .  
T h e ir f in d in g s  supported  th o se  o f  Walk e t  a l .
L i t t l e  (1966) chose to  study th e  m other-neonate r e l a t io n ­
sh ip  more c lo s e ly . He c o n tro lle d  a number o f  m other-neonate i n t e r ­
a c t io n a l  p ro cesses  sy s te m a tic a lly  in  o rd er to  determ ine which o f 
th e  p ro cesses  were most s ig n i f ic a n t ly  r e la te d  to  e i th e r  th e  appear­
ance o r to  th e  su p p ress io n  o f depth p e rc e p tio n . Comparing a l l  
experim en tal groups w ith  norm ally  mothered lam bs. L i t t l e  found 
th a t  avoidance o f  th e  v is u a l  c l i f f  v a r ie d  p ro p o r tio n a te ly  as the  
q u a l i ty  and q u a n tity  o f  th e  m other-neonate r e la t io n s h ip  decreased . 
The e a r l i e s t  appearance o f  th e  avoidance re sp o n se , p ro g re ss in g  to  
th e  l a t e s t ,  occurred  in  th e  fo llo w in g  sequence: (1) n a tu ra l
m othering; (2) n a tu ra l  m othering except fo r  n u rs in g ; (3) lamb 
f re e  to  have c o n ta c t and nurse  b u t no response p o s s ib le  by ewe;
(M-) lamb f r e e  to  have c o n ta c t b u t no n u rs in g  o r response  p o s s ib le  
by ewe; (5) lamb and ewe f r e e ,  w ith  lamb co n ta ined  w ith in  a pen 
in s id e  th e  pen o f  th e  ewe: no in te r a c t io n  ex cep t through  v is u a l
c o n ta c t;  (6) lamb and ewe p e rm itted  com plete in te r a c t io n ,  b u t 
c ro s s - fo s te re d  and o i l  o f  a n ise  ap p lied  to  nose and anus; (7) lamb 
and ewe (own mother) p e rm itte d  com plete in te r a c t io n ,  b u t o i l  o f 
a n ise  ap p lied  as above; (8) lambs unmothered excep t fo r  human
1̂ 0
co n ta c t in  fe e d in g .
Baumgold (1967), a llu d in g  to  th e  e f f e c t s  o f v a rio u s  ty p es  
o f s t im u la tio n  d u rin g  a c r i t i c a l  developm ental p e r io d , chose to  
m anipulate  v a r ia b le s  p r im a r i ly  r e la te d  to  th e  neonate  lamb which 
would have a d i r e c t  b e a r in g  upon th e  i n f a n t ’s a b i l i t y  to  i n t e r a c t  
w ith  i t s  m other. He proposed th a t  t r a n q u i l i z e r s  and s e d a tiv e s  would 
d e c e le ra te  an i n f a n t ’s in te r a c t io n  w ith  i t s  m other du rin g  th e  
c r i t i c a l  p e rio d  and i n d i r e c t l v , t h a t  th e se  drugs would delay  th e  
development o f  v is u a l  dep th  p e rc e p tio n . C onversely , he proposed 
th a t  a c c e le r a t in g  th e  i n f a n t ’s in te r a c t io n  w ith  th e  mother should 
le ad  to  th e  e a r l i e r  development o f  v is u a l  dep th  p e rc e p tio n . Thus, 
one group o f  lambs rece iv ed  a s tim u la n t a t  b i r t h .  To dem onstrate  
th a t  v is u a l  dep th  p e rc e p tio n  i s  n o t a fu n c tio n  o f c o n d itio n in g  or 
le a rn in g  as m ediated  by locom otor a b i l i t i e s ,  Baumgold gave one 
group o f  lambs a vo lun tary -m usc le  r e la x a n t  a t  b i r t h .  That t r a n ­
q u il  iz in g  and s e d a tiv e  drugs have no d i r e c t  e f f e c t  upon th e  lam bs’ 
a b i l i t y  to  p e rc e iv e  depth was dem onstrated by a d m in is te r in g  th e se  
drugs to  lambs who had a lre ad y  achieved th e  avoidance response 
and th en  r e te s t i n g  them fo r  depth  p e rc e p tio n .
Baumgold’s f in d in g s  supported  th e  m a jo rity  o f h is  p ro ­
p o s a ls .  Both s e d a tiv e s  and t r a n q u i l i z e r s  e f f e c t iv e ly  dim inished 
th e  i n f a n t ’s a b i l i t y  to  in t e r a c t  w ith  th e  mother and s ig n i f ic a n t  
d if fe re n c e s  between th e se  groups and norm ally  mothered lambs were 
found. Lambs which had a lre ad y  s u c c e s s fu lly  developed v is u a l  
c l i f f  p e rc e p tio n  were u n a ffe c te d  by th e  d i r e c t  e f f e c t s  o f  th e  drugs 
upon r e t e s t .  L ikew ise, lambs given th e  v o lu n ta ry  muscle re la x a n t
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d if f e r e d  s ig n i f ic a n t ly  from c o n tro l lam bs. The lambs t r e a te d  w ith  
a s tim u la n t d id  n o t d i f f e r  s ig n i f ic a n t ly  from c o n tro l an im als, b u t 
few er hours were re q u ire d  to  develop th e  avoidance resp o n se . Baum­
gold  reasoned th a t  more dram atic  d if f e re n c e s  m ight have been found 
i f  drug dosage le v e l s  had been more a p p ro p r ia te .
While a l l  th re e  s tu d ie s  (P a tte rso n , 1965; L i t t l e ,  1966; 
Baumgold, 1967) supported  th e  g en era l th eo ry  th a t  any in te r ru p t in g  
f a c to r s  in  th e  m other-neonate  r e la t io n s h ip  would have d i r e c t  e f f e c t s  
on th e  development o f  v is u a l  depth  p e rc e p tio n , th e  e la b o ra tio n  o f  
m ed ia ting  f a c to r s  h as  n o t been c le a r .  Baumgold (1967) sp ecu la ted  
t h a t  P a tte r s o n , L i t t l e  and P e a rc e 's  work supported  th e  th eo ry  o f 
adequate s t im u la t io n  b e in g  n ecessa ry  in  th e  n e o n a te ’s f i r s t  hours 
o f l i f e .  However, w h ile  he found h i s  lambs to  have re ta rd e d  p e r ­
c e p tu a l development when th ey  were unable  to  in t e r a c t  norm ally  w ith  
th e  m other, o b se rv a tio n s  o f  th e  ewes showed no decrease  in  th e  
amount o f  s t im u la tio n  they  p rov ided  th e  lamb through b le a t in g ,  
l i c k in g  and n u z z lin g . Y e t, Baumgold (1966) stepped away from a 
f u l l  s tim u la tio n  h y p o th e s is :
I t  may be th e  c a se , th e re fo re ,  t h a t  d u ring  th e  f i r s t  
few days (o r perhaps hours) o f  th e  i n f a n t 's  l i f e  p e r ­
cep tio n  i s  in te g ra te d  in  term s o f th e  m other. She appears 
to  be th e  m ajor com pelling  source  o f  a l l  s t im u l i ,  and a l l  
responses seem to  be focused upon h e r .  T his p ro cess  
obv iously  in v o lv es  v i s u a l ,  t a c t u a l ,  k in e s th e t ic ,  o lfa c to ry  
and g u s ta to ry  cu es . A l th o u ^  many o f  th e se  cues a re  
obvious (such a s  b le a t in g ,  l i c k in g ,  and nuzzling) th e  
p ro cess  p robab ly  i s  m ediated by a d d it io n a l  cues which a re  
o f  a h ig h ly  s u b t le  n a tu re . The in te g ra t io n  o f p e rc ep tio n  
c le a r ly  in v o lv e s  th e  in te g r a t io n  o f  th e  s e v e ra l sensory  
m o d a lit ie s . Y et, th e  p ro cess  i t s e l f  appears  to  tran scen d  
th e  in d iv id u a l sen se s- That i s ,  t h i s  in te g ra t io n  p rob­
a b l y  ta k e s jp la c £  in  term s o f  a s e r ie s  o f  e la b o ra te  
g e s ta l te n  ^ . 5 V .
From th e  review  o f  re sea rc h  concerned w ith  e a r ly  stim u­
l a t i o n ,  optim al s tim u la tio n  le v e l s  and th e  m ediating  ro le  o f th e  
lim b ic  and r e t i c u l a r  a c t iv a t in g  system  o f  th e  b ra in , i t  seems 
l i k e ly  t h a t  th e  r e la te d  sheep s tu d ie s  to  d a te  could have been 
exp la ined  by a th e o r e t ic a l  model in c o rp o ra tin g  a framework o f acu te  
and ch ro n ic  a c t iv a t io n  le v e l s  s im ila r  to  th a t  p re sen ted  by B u tle r  
and Rice (1963). For example, a theo ry  o f ch ron ic  and acu te  a c t i ­
v a tio n  le v e l s  im p lies  t h a t  fo r  th e  neonate lamb th e re  i s  an i n t r i n ­
s ic  ch ro n ic  a c t iv a t io n  le v e l  probab ly  m ain tained  by th e  in te ra c t io n s  
o f  th e  r e t i c u l a r  a c t iv a t in g  system  and th e  lim b ic  system . An op­
tim a l, on-going le v e l  o f  e x t r in s ic  t r a n s ie n t  s tim u la tio n  (acu te  
a c t iv a t io n  le v e l)  w ith  which th e  neonate in te r a c t s  i s  necessa ry  fo r  
n e u ro lo g ic a l in te g r a t io n .  This i s  req u ire d  fo r  locom otor and v is u a l  
c o o rd in a tio n , as w e ll a s  p e rc e p tu a l s k i l l s .  In  Hebb' s te rm s, op­
tim a l l e v e l s  o f  acu te  a c t iv a t io n  a re  e s s e n t ia l  fo r  n eu ra l pathways 
to  become in te g ra te d  w ith  th e  co rtex  from th e  low er c en te rs  v ia  
th e  b ra in  stem system s.
Im m ediately a t  b i r t h  i t  would seem th a t  th e  ewe’s v ig o r ­
ous l ic k in g  o f th e  in f a n t  could serv e  as th e  a c t iv a t in g  stim ulus 
which c o n tr ib u te s  to  th e  developm ent o f th e  i n f a n t ’s i n t r i n s i c  
ch ro n ic  a c t iv a t io n  l e v e l .  B u tle r  and Rice (1963) hypothesized  th a t  
i f  th e  acu te  a c t iv a t io n  le v e l  i s  much h i ^ e r  than  th e  i n t r i n s i c  
ch ron ic  a c t iv a t io n  l e v e l ,  s t im u li  w i l l  be avoided. However, in  
th e  newborn lamb which cannot y e t s tan d  and cannot a c t iv e ly  avoid 
in  o rd e r to  reduce th e  a cu te  a c t iv a t io n  l e v e l ,  th e  a c tio n  o f th e  
e x te rn a l s tim u la tio n  would c o n tr ib u te  to  an in c re a se  o f th e  lam b’s
ch ron ic  a c t iv a t io n  l e v e l .  One m i ^ t  say th a t  th e  neonate  changes 
in te r n a l ly  to  e f f e c t  a s i tu a t io n  o f  op tim al s t im u la tio n , i . e . ,  a 
balance  o f  a cu te  and ch ron ic  l e v e l s .  When th e  lamb becomes ambu­
la to r y  and can p a r t i c ip a te  in  th e  in te r a c t io n  w ith  i t s  m other, i t  
i s  l ik e ly  th a t  t h r o u ^  approach and w ithdraw al beh av io rs  i t  can 
c o n tr ib u te  to  th e  m oderating  o f  i t s  own acu te  a c t iv a t io n  l e v e l .
What would seem to  be n e ce ssa ry , however, i s  th a t  th e  s tim u lu s  ob­
j e c t  (mother) be capable  o f  a c t iv e ly  producing  s tim u lu s  in te n s i ty  
th rough  p h y s ic a l c o n ta c t ,  and n o t sim ply an o b je c t which th e  lamb 
p a ss iv e ly  bumps in to  in  i t s  e x p lo ra to ry  sea rch .
A ccording to  th e  a c t iv a t io n  le v e l  h y p o th e s is , when the  
i n t r i n s i c  ch ro n ic  a c t iv a t io n  l e v e l  i s  h ig h e r  than  th e  acu te  l e v e l ,  
a d ie n t beh av io r w i l l  o ccu r, i . e . ,  th e  lamb would a c t iv e ly  seek th e  
a c t iv a t in g  s tim u lu s  (ew e). N orm ally, an encounter o f  l ic k in g ,  
s n i f f in g ,  and movement o f th e  lamb by th e  ewe would f re q u e n tly  occur 
in  th e  normal m other-neonate  r e la t io n s h ip .  However, i f  t h i s  stim u­
la t io n  i s  c h ro n ic a lly  n o t forthcom ing from the  ewe th e  chron ic  
a c t iv a t io n  le v e l  o f th e  lamb w i l l  change (lower) and d e s c r ip t iv e ly ,  
th e  anim al would become bored o r  a p a th e t ic .  E x te rn a l s t im u la t io n , 
when i t  does o ccu r, may th en  tak e  on an a v e rs iv e , d iso rg a n iz in g  
c h a ra c te r . B u tle r  and Rice (1963) used th e  example o f th e  human 
in f a n t ,  who, when i t s  ch ron ic  a c t iv a t io n  le v e l  i s  r e l a t iv e ly  h igh  
during  waking, w i l l  dem onstrate  o r ie n t in g  and c u r io s i ty  behav io r 
in  response to  th e  sound o f a c l i c k e r ;  when th e  in fa n t  i s  f a l l i n g  
a s le e p , and i t s  c h ro n ic  a c t iv a t io n  le v e l  i s  low , th e  sound o f  th e  
same c l ic k e r  o f te n  produces a s t a r t l e  resp o n se , prolonged wake-
fu ln e s s  and c ry in g .
From th e  p a s t  sheep s tu d ie s ,  i t  would seem th a t  P a tte rso n  
and L i t t l e ’s unmothered lambs were v ic tim s  o f  im balance between th e  
ch ron ic  and acu te  a c t iv a t io n  l e v e l s ,  i . e . ,  la c k  o f  op tim al le v e l s  
o f s t im u la tio n  in  th e  t o t a l  s i tu a t io n .  L i t t l e ’s  p ro g re s s iv e  in ­
h ib i t io n  o f th e  p o te n t ia l  f o r  in te r a c t io n  seemed to  be a p ro g re s s iv e  
re d u c tio n  o f  acu te  a c t iv a t io n  le v e l s  from th e  p rim ary  s tim u lu s  
source (m other). L i t t l e ’s o b se rv a tio n s  th a t  th e  experim en ta l 
lambs engaged in  much e x p lo ra to ry  b eh av io r , y e t  d id  n o t e x h ib i t  
avoidance v is u a l  c l i f f  response  as  d id  m othered c o n tr o ls ,  su p p o rts  
th e  h y p o th esis  th a t  th e  neonate  r e q u ire s  th e  i n te n s i ty  o f m aternal 
s t im u la tio n  and th a t  what i t  p a s s iv e ly  enco u n te rs  in  i t s  en v iro n ­
ment i s  in ad eq u a te . This a ls o  may be why Baumgold’s lambs who had 
’’bad” m others as ra te d  by Pearce (1967) e x h ib ite d  th e  c r i t e r i o n  
avoidance v is u a l  c l i f f  response  as  soon as w e ll mothered lam bs.
The ag g re ss iv e  r e je c t io n  o f  th e  lamb by b u t t in g  and v igo rous move­
ments in  a sm all pen to  avo id  c o n ta c t w ith  th e  lamb may w e ll have 
been an adequate d e term inan t o f  a cu te  a c t iv a t io n  le v e l  f a c i l i t a t i n g  
normal in te g ra t io n  o f th e  dep th  p e rc e p tio n  c a p a c ity . A d d itio n a lly , 
L i t t l e ’s m other-neonate p a i r s  which were an o in ted  w ith  o i l  o f  a n ise  
and which took th e  lo n g e s t to  reach  th e  c r i t e r io n  avoidance r e ­
sponse would seem to  be somewhat d i f f e r e n t  th an  P e a rc e ’s "bad” 
m others. While L i t t l e ’s reco rded  o b se rv a tio n s  o f  th e se  m other- 
neonate  p a i r s  a re  n o t s u f f i c i e n t ly  d e ta i le d  to  make d i r e c t  com­
p a riso n  w ith  th o se  o f  P ea rce , i t  would seem th a t  L i t t l e ’s  m others 
avoided th e  ano in ted  lambs w ith  l i t t l e  v ig o r ,  e . g . ,  th ey  would beg in
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to  s n i f f  and l i c k  th e  an o in ted  lam b, th en  suddenly b reak  th e  a c t io n  
p a t te r n ,  o r back away from th e  lamb. In  t h i s  s i tu a t io n ,  th e  chron ic  
a c t iv a t io n  le v e l  o f  th e  lambs may have become so l a b i l e  from th e  
in te r m i t te n t  s tim u la tio n  th a t  th e  amount o f  acu te  a c t iv a t io n  from 
th e  p re s e n t ,  avo id ing  m other became d iso rg a n iz in g .
Baumgold's drugged lambs were in  a s i tu a t io n  in  which 
Üiey rece iv ed  s tim u la tio n  a t  s im ila r  acu te  a c t iv a t io n  le v e l s  as 
norm ally  m othered lam bs; y e t a de lay  in  t h e i r  develop ing  v is u a l 
depth  p e rc e p tio n  o ccu rred . T h is s i t u a t io n  m ight be in te rp re te d  as 
th e  lamb hav ing  a ch ro n ic  a c t iv a t io n  le v e l  co n sid e rab ly  low er than  
normal lambs because o f th e  t r a n q u i l i z e r s ,  s e d a tiv e  o r re la x a n t .
In  th e  p resence  o f  a norm al, a c t iv e  m other th e  d iscrepancy  between 
th e  ch ro n ic  a c t iv a t io n  le v e l  o f  th e  in f a n t  and th e  acu te  a c t iv a t io n  
from th e  m other could th en  assume an a v e rs iv e  c h a ra c te r .  I t  i s  
l ik e ly  t h a t  th e  s tim u la tio n  c o n tr ib u te d  to  n e u ra l d is o rg a n iz a tio n  
u n t i l  th e  lambs g ra d u a lly  developed a h ig h e r ch ro n ic  a c t iv a t io n  
le v e l  in  op tim al ba lance  w ith  th e  acu te  a c t iv a t io n  l e v e l ;  hence, 
some 20 hours l a t e r  th e  lambs—developed v is u a l  depth  p e rc e p tio n .
That a l l  o f  th e  ex p erim en ta lly  t r e a te d  lambs in  th e  above s tu d ie s  
were g ra d u a lly  a b le  to  ad ap t t h e i r  i n t r i n s i c  ch ro n ic  a c t iv a t io n  
le v e l  seems supported  by th e  f a c t  t h a t  w h ile  v is u a l  c l i f f  p e r ­
cep tio n  was de layed , th ey  a l l  e v e n tu a lly  dem onstrated th e  v is u a l 
c l i f f  re sp o n se .
F in a l ly ,  Baumgold’s m ystery as  to  why th e re  were n o t 
s ig n i f ic a n t  d if f e re n c e s  in  th e  d i r e c t io n  o f  s h o r te r  tim e to  reach  
th e  c r i t e r io n  avoidance response  w ith  h i s  d ru g -s tim u la te d  lambs
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may be r e la te d  to  F o x 's  (1959) ex p lan a tio n  as  to  why h is  d rug- 
s tim u la te d , l ig h t-d e p r iv e d  monkeys showed an in c re ase d  need f o r  
l i ^ t .  Fox p o s tu la te d  t h a t  th e  s tim u la n t ra is e d  th e  an im a ls ' 
ch ro n ic  a c t iv a t io n  l e v e l ,  th u s  in c re a s in g  th e  d iscrepancy  between 
th e  ch ro n ic  and a cu te  a c t iv a t io n  l e v e l s .  In  Baumgold’s s tim u la te d  
lam bs, i t  i s  a lso  p o s s ib le  th a t  t h e i r  ch ro n ic  a c t iv a t io n  l e v e l  was 
ra is e d  and th e  acu te  a c t iv a t io n  l e v e l  p rov ided  by "norm al” ewe b e ­
h a v io rs  was n o t h i ^  e n o u ^  to  p ro v id e  th e  ba lan ce  o f  op tim al stim u­
l a t i o n  re q u ire d  f o r  " b e t te r "  perform ance.
From th e  above in te g r a t io n  o f  an a c t iv a t io n  le v e l  hypoth­
e s i s  and v a rio u s  m o th e r- in fa n t r e la t io n s h ip s ,  th e  g e n e ra l iz a t io n  
m ight be made th a t  an optim al le v e l  o f  s t im u la tio n  i s  re q u ire d  in  
th e  r e la t io n s h ip ,  w ith  bo th  anim als c o n tr ib u t in g .  I t  seems l ik e ly  
th a t  s p e c i f ic  response  p a t te rn s  p e r se a re  n o t a t  i s s u e ,  b u t r a th e r ,  
th e  in te n s i ty  o f  s t im u la tio n  in  any g iven  s i tu a t io n .  I t  seems 
l i k e ly  t h a t  frequency and movement in  th e  form o f body c o n ta c t con­
t r i b u t e  to  th e  in te n s i ty  c h a r a c te r i s t i c  o f  th e  s tim u la tio n  in  th e  
t o t a l  in te r a c t iv e  s i tu a t io n .
The p re s e n t study w i l l  ex p lo re  f u r th e r  th e  a c t iv a t io n  
le v e l  h y p o th e s is  in  th e  m o th e r- in fa n t in te r a c t io n .  I t  w i l l  u t i l i z e  
drugs to  reduce th e  acu te  a c t iv a t io n  p o te n t ia l  o f  th e  ewe in  th e  
m other-neonate  p a i r ;  a d d i t io n a l ly ,  i t  w i l l  u t i l i z e  drugs to  reduce 
comparably bo th  th e  ch ro n ic  a c t iv a t io n  le v e l  o f  th e  lamb and th e  
acu te  a c t iv a t io n  p o te n t ia l  o f  th e  ewe in  th e  m other-neonate  p a i r .
CHAPTER I I  
PROBLEM
P ast re se a rc h  has dem onstrated th a t  any in te r fe re n c e  w ith  
th e  m other-neonate r e la t io n s h ip  in  sheep r e s u l t s  in  changes in  th e  
o n se t o f  depth p e rc e p tio n  in  th e  neonate lamb. A th e o r e t ic a l  formu­
l a t io n  in v o lv in g  a c t iv a t io n  le v e l s  (B u tle r  and R ice, 1963) has been 
proposed to  e x p la in  th e  r e s u l t s  o f  p rev io u s  sheep s tu d ie s  c a r r ie d  
o u t a t  th e  U n iv e rs ity  o f  Oklahoma (P a tte rso n , 1965; L t t l e ,  1966; 
Baumgold, 1967). The p re s e n t study a ttem p ts  to  v e r i f y  th e  proposed 
th eo ry .
The a c t iv a t io n  le v e l  fo rm u la tio n  p roposes th a t  th e  d ev e l­
opmental p ro cess  o f  dep th  p e rc e p tio n  in  th e  neonate  lamb i s  d i r e c t ­
ly  r e la te d  to  th e  op tim al s t im u la tio n  le v e l  in  th e  t o t a l  m other- 
neonate r e la t io n s h ip .  T his optim al s tim u la tio n  le v e l  i s  a ba lance  
o f an i n t r i n s i c  ch ro n ic  a c t iv a t io n  le v e l  o f th e  lamb and th e  
e x t r in s i c ,  t r a n s ie n t  a cu te  a c t iv a t io n  le v e l  which i s  p r im a rily  
c o n trib u te d  to  by th e  a c t iv e  s tim u lu s  o b je c t  m other.
Known c h a r a c te r i s t i c s  o f  v is u a l  depth  p e rc e p tio n  seem 
d i r e c t ly  r e la te d  to  an a c t iv a t io n  le v e l  e x p lan a tio n . V isual depth 
p e rc e p tio n  seems to  have a r e l a t i v e ly  sudden o n se t in  many low er 
an im als, th e  tim e b e in g  p re d ic ta b le  by th e  organism ’s locom otor 
prowess du rin g  th e  e a r ly  n e o n a ta l p e r io d . Thus, th e  e a r ly  and
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ra p id  o n se t become c r i t i c a l  f a c to r s  in  th a t  m obile in fa n ts  re q u ire  
such p e rc e p tio n  fo r  s u r v iv a l ’s sak e . A d d itio n a lly , th e  development 
o f  v is u a l  dep th  p e rc e p tio n  seems to  come about in  th e  absence o f 
re in fo rcem en t and p a tte rn e d  v is u a l  s t im u li .  I t  seems r e s i s t a n t  to  
e x t in c t io n .  Thus, th e  developm ent o f  v is u a l  depth p e rc e p tio n  i s  
u n ex p la in ab le  in  term s o f  t r a d i t i o n a l  le a rn in g  theo ry  m odels.
Because o f  th e  c h a r a c te r i s t i c s  noted above, th e  develop­
ment o f  v is u a l  depth  p e rc e p tio n  in  low er anim als seems s im ila r  to  
th e  im p r in tin g  p ro c e ss . J u s t  as an a c t iv a t in g  s tim u lus i s  necessa ry  
in  th e  environm ent o f  b ird s  b e fo re  th e  fo llo w in g  response  i s  e l i c i t e d ,  
i t  would seem th a t  an op tim al l e v e l  o f s tim u la tio n  i s  p r e r e q u is i te  
to  th e  ad eq u a te , e f f i c i e n t  developm ent o f  v is u a l  depth p e rc e p tio n  
in  th e  neonate  lamb.
The f i r s t  h y p o th e s is  o f  th e  p re se n t study d e a ls  w ith  th e
in f lu e n c e  o f  a reduced e x t r in s i c ,  a cu te  a c t iv a t io n  le v e l  in  th e
m other-neonate  lamb in te r a c t io n :
H ypothesis 1 . Neonate lambs o f  ewes whose a c t iv i ty  l e v e l  
p o te n t ia l  has been reduced t h r o u ^  t r a n q u i l iz in g  drugs 
w i l l  avoid  a v is u a l  c l i f f  a t  a s ig n i f ic a n t ly  l a t e r  age 
th an  c o n tro l  lambs ex p erien c in g  an optim al s tim u la tio n  
l e v e l  in te r a c t io n  (normal m other-neonate r e la t io n s h ip ) .
The a c t iv a t io n  le v e l  fo rm u la tio n  o f  optim al s t im u la tio n  
le v e l  p roposes t h a t  "op tim al s t im u la t io n ’’ i s  a ba lance  o f  b o th  
th e  i n t r i n s i c  ch ro n ic  a c t iv a t io n  l e v e l  o f  th e  lamb and th e  e x t r in ­
s ic  a cu te  a c t iv a t io n  l e v e l  m ain ta ined  by th e  ewe. I t  seemed reaso n ­
ab le  to  assume t h a t  i f  th e  "b alan ce"  concept h o ld s , th en  b o th  
ch ro n ic  and a cu te  le v e l s  could  be reduced comparably w ith  an optim al 
s t im u la tio n  l e v e l  f o r  th e  t o t a l  m other-neonate s i tu a t io n  s t i l l  main-
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ta in e d . H ypothesis two was conceived to  exp lore  th e  concept o f
op tim al s t im u la tio n  le v e l :
H ypothesis 2. In  m other-neonate r e la t io n s h ip s  in  which 
th e  a c t iv a t io n  le v e l  p o te n t ia l  o f  each p a r tn e r  has been 
reduced comparably by t r a n q u i l i z e r s ,  a m utually  low ered , 
b u t op tim al s tim u la tio n  le v e l  w i l l  r e s u l t ,  and th e  tim e 
a t  which these- lambs avoid a v is u a l  c l i f f  w i l l  n o t d i f f e r  
s ig n i f ic a n t ly  from th a t  o f  c o n tro l lam bs.
S ev e ra l a d d i t io n a l  a sp e c ts  o f  th e  e a r ly  development o f 
neonate  lambs were exp lo red  in  th e  p re se n t s tudy . Skinner (1968) 
s tu d ie d  th e  pharm aco log ica l e f f e c t s  o f  magnesium pem oline and 
th y ro x in e  on th e  v is u a l  c l i f f  p e rc e p tio n  o f neonate lam bs; ad d i­
t io n a l ly ,  he ob ta ined  blood samples from a l l  groups o f lambs bo th  
b e fo re  and a f t e r  they  dem onstrated th e  c r i t e r io n  avoidance response 
on th e  v is u a l  c l i f f .  The blood samples were analyzed f o r  s te r o id  
h y d ro c o rtiso n e . W hile Skinner found d if fe re n c e s  between experim ent­
a l  groups in  term s o f  tim e to  th e  c r i t e r io n  avoidance re sp o n se , i t  
appeared th a t  some f a c to r  was a f f e c t in g  a l l  lambs ac ro ss  a l l  groups, 
as  exceed ing ly  long  p e rio d s  o f  tim e were taken  fo r  h is  c o n tro l  as 
w e ll as h i s  experim en tal p o p u la tio n  to  achieve th e  avoidance response . 
Appendix I shows th a t  th e  mean number o f  hours to  achievem ent o f  th e  
c r i t e r io n  avoidance response  on th e  v is u a l  c l i f f  seems to  have g rad­
u a l ly  in c reased  over th e  y e a rs  o f  sheep re sea rc h ; however, S k in n e r 's  
d a ta  seems markedly skewed. In  e v a lu a tin g  what had occurred  to  the  
neonate  lambs ac ro ss  a l l  S k in n e r 's  groups, two fa c to rs  emerged.
F i r s t ,  a l l  lambs had 5 cc o f  blood drawn a t  two d i f f e r e n t  in te r v a l s .
I t  was reasoned th a t  p h y s io lo g ic a l s t r e s s  r e s u l t in g  from t h i s  p ro ­
cedure may have e f fe c te d  th e  subsequent delay  in  v is u a l  p e rc e p tio n . 
Second, f o r  th e  f i r s t  tim e in  th e  h is to ry  o f th e  f lo c k , a new verm i-
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fuge had been fed  to  th e  sheep . T his p re p a ra t io n  con tained  4-0 p e r  
c en t o f  th e  a c t iv e  chem ical ro n n e l, one o f th e  c la s s  of organo- 
phosphates hav ing  th e  s p e c if ic  c l a s s i f i c a t i o n ,  0 , 0-d im ethy l 0 -2 ,
4-, 5 - tr ic h lo ro p h e n y l p h o sp h o ro th io a te . Skinner (1958) ex p la ined  
th e  a c tio n s  a t t r ib u te d  to  o rganophosphates:
Organophosphates a re  a n t ic h o l in e s te ra s e  a g e n ts .  Thus, 
they  b r in g  about an accum ulation  o f  a c e ty lc h o lin e  and a re  
p o te n t ia l ly  capab le  o f p roducing  e f f e c t s  e q u iv a le n t to  
con tinuous s tim u la tio n  o f  c h o lin e rg ic  f ib e r s  in  th e  
c e n t r a l  and p e r ip h e ra l  nervous system s. F u r th e r , 
organophosphates a re  known to  have a lo n g e r l a s t i n g  
e f f e c t  th an  o th e r  a n t ic h o l in e s te r a s e  (anti-ChE) ag en ts  
and have been d esc rib ed  as " i r r e v e r s ib le ” fo r  th a t  reaso n . 
There seems l i t t l e  re a so n  to  doubt t h a t  ro n n e l could re a c l \  
th e  f e tu s  in  u te ro  v ia  th e  " p la c e n ta l  b a r r i e r " ,  e s p e c ia l ly  
s in c e  organophosphates a re  known to  have h i ^  l i p i d  s o lu ­
b i l i t y  (which may a lso  f a £ i l i t £ t e  t h e i r  p e n e tra t io n  o f th e  
c e n t r a l  nervous system) / p .  7 1 /.
Gershon and Shaw (1961) review ed th e  l i t e r a t u r e  re g a rd in g  organo­
phosphates and p re sen te d  t h e i r  study  o f 15 human s u b je c ts  who had 
n e u ro lo g ic a l symptoms a f t e r  ch ron ic  exposure. K oelle (1955) 
s im ila r ly  noted  th a t  " .  . .s e v e ra l  organophosphorus compounds can 
produce a p e c u l ia r  syndrome o f  n e u ra l d e g en e ra tio n , a s so c ia te d  w ith  
d em y elin a tio n , fo llo w in g  ch ro n ic  exposure" / p .  4 5 ^ /.
In  th e  p re se n t s tu d y , a sm all group o f  ewes were fed  th e
ro n n e l-b ased  verm ifuge fo llo w in g  th e  p rocedure  used by S kinner.
H ypothesis 3 . Lambs whose m others have been fed  th e  
ro n n e l-b ased  verm ifuge d u rin g  th e  p re n a ta l  p e rio d  w i l l  
avoid  a v is u a l  c l i f f  a t  a s ig n i f i c a n t ly  l a t e r  age than  
c o n tro l lam bs.
The f i n a l  a sp e c t o f  th e  p re s e n t study  was ex p lo ra to ry  
r a th e r  th a n  h y p o th e s is  t e s t i n g .  F u r th e r  d a ta  seemed n ecessa ry  con­
c e rn in g  th e  e f f e c t s  o f  c o n g le te  i s o la t io n  o f  th e  neonate  lamb from 
th e  norm al m othering p ro c e ss . H ersher, Moore and Richmond (1958)
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in  t h e i r  study o f  g o a ts  and k id s ,  sep a ra te d  th e  in f a n ts  from t h e i r  
m others te n  m inutes a f t e r  b i r t h  f o r  v a ry in g  p e r io d s  o f  tim e . At 
two, and again  a t  th re e  months th e  same in fa n ts  were su b jec te d  to  
two s t r e s s f u l  emergency s i tu a t io n s .  D uring a subsequent normal 
p a s tu r in g  p e rio d  o f s ix  m onths, 10 o f  th e  21 exp erim en ta l k id s  d ied  
in  c o n tr a s t  to  3 o f  th e  22 c o n tro l  an im als. L id d e ll  (1961) found 
t h a t  c l a s s i c a l  c o n d itio n in g  experim ents w ith  lambs and k id s  which 
took p la c e  fo r  as b r i e f  a p e rio d  as  one hour in  th e  absence o f  th e  
m other were alm ost always f a t a l  w ith in  a few weeks o r  months. 
P a tte rs o n  (1965) d e sc rib ed  th e  a p a th y , coma and f i n a l ly  d e a th  o f  
lambs in  i s o la t io n  from t h e i r  m others whose only  c o n ta c t was human- 
feed in g  every fo u r hours th rough  an a p e r tu re  in  w ire  cag es . C lea r­
l y ,  com plete i s o la t io n  ex p erien ces  have subsequen t b e h a v io ra l a f t e r ­
e f f e c t s  in c lu d in g  prem ature d ea th .
In  th e  p re s e n t s tu d y  fo u r  d i f f e r e n t  i s o la t io n  s i tu a t io n s  
were u sed . I t  was hoped t h a t  th ro u ÿ i  tw e n ty -fo u r hour a day ob­
s e rv a tio n  and re c o rd in g , a d d i t io n a l  in fo rm a tio n  would be o b ta in ed  
about th e  b ehav io rs  o f  lam bs d u rin g  an i s o la t io n  p ro c e ss . I t  was 
a lso  hoped th a t  some c l a r i f i c a t i o n  m i ^ t  be o b ta in ed  re g a rd in g  
th e  dichotomy which Yarrow (1966) has  emphasized c o n tra s t in g  
"m aternal d e p riv a tio n  " and "m aternal s e p a ra t io n ."  For th e  purposes 
o f  t h i s  s tu d y , i t  was assumed th a t  m ate rn al s e p a ra tio n  was p re d ic a te d  
upon a p rev io u s  r e la t io n s h ip  w ith  th e  m other. A lthough a l l  lambs 
in  th e  i s o la t io n  exp erien ce  would indeed  be dep rived  o f  th e  m other­
in g  f ig u re  a t  some tim e , th e  d e f in i t io n  o f  m a te rn a l d e p r iv a tio n  in  
t h i s  study  r e fe r re d  to  lam bs which had n ev er experienced  c o n ta c t w ith
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t h e i r  m others. A d d itio n a lly , f u r th e r  e x p lo ra tio n  o f  th e  in f lu e n c e  
o f  v is u a l  p a t te rn in g  o f environm ental s t im u li  was c a r r ie d  o u t.
Thus, fo u r  i s o la t io n  co n d itio n s  were u sed : m ate rn a l d e p riv a tio n
( f u l l  v is io n  a llo w ed ); m ate rn a l d e p r iv a tio n  (p a tte rn e d  v is io n  d e n ie d ) ; 
m aternal s e p a ra tio n  ( f u l l  v is io n  a llo w ed ); m ate rn al s e p a ra tio n  
(p a tte rn e d  v is io n  d e n ie d ) .
CHAPTER I I I  
METHOD
D e sc rip tio n  o f S u b jec ts  
The s u b je c ts  were lambs born  o f  M-8 r e g is te r e d  S u ffo lk  
ewes which were bred to  th e  same r e g is te r e d  S u ffo lk  ram. The 
ram was in tro d u ced  in to  th e  f lo c k  on November 19, 1967 r e s u l t in g  
in  a 32 day lam bing p e rio d  from A p ril 12 t h r o u ^  May 13, 1958.
The o v e r - a l l  d i s t r ib u t io n  o f  b i r th s  was skewed in  t h a t  U-5 ewes 
d e liv e re d  w ith in  th e  f i r s t  21 days follow ed by an e i ^ t  day la g ;  
th re e  ewes d e liv e red  co n secu tiv e ly  on th e  th re e  rem aining days.
The 21 day p o r tio n  o f  th e  b i r t h  d i s t r ib u t io n  was comparable to  
th o se  rep o rted  by L i t t l e  (1966) and Baumgold (1957). A uniform  
b i r t h  d is t r ib u t io n  o f bo th  th e  p re n a ta l ly  t r e a te d  and u n tre a te d  
groups o f  ewes was observed.
The re s u lts  o f  th e  tim e o f  day a t  which b i r t h s  were 
recorded  showed a d i s t r ib u t io n  o f  11, 9 , 10, 4, 5, 9 b i r t h s  fo r  
each fo u r hour segment beg inn ing  a t  m idn igh t. Thus, 29 (60%) o f 
th e  48 ewes d e liv e red  between 8 p.m. and 8 a.m . T his d is t r ib u t io n  
i s  th e  re v e rse  o f  t h a t  rep o rted  by L i t t l e  (1966) and Baumgold 
(1967), b u t more in  keep ing  w ith  P a tte rso n  (1965) who re p o rte d  
th a t  th e  p e rio d  o f  g r e a te s t  d e liv e ry  a c t i v i t y  occurred  b e fo re
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s u n r is e  and a f t e r  s u n se t . Skinner (1968) re p o rte d  about equal 
frequency o f  b i r t h  tim e s . A summary o f  th e  b i r t h  data  from f iv e  
y ea rs  a re  c o n s is te n t  w ith  th e  f in d in g s  o f H ersher, Richmond and 
Moore (1963) th a t  sheep show no tendency to  d e l iv e r  a t  any p a r t i c ­
u la r  tim e o f  day.
The 48 ewes gave b i r t h  to  65 lambs o f  which 23 were 
m ales and 42 were fem ales. Among th e  65 lambs th e re  were 31 s in g le  
b i r t h  anim als and 17 s e t s  o f  tw in s . A summary o f  d e liv e ry  da ta  
fo r  a l l  sheep s tu d ie s  (1955-1968), re s p e c tiv e  o f  d e l iv e r ie s  p ro ­
ducing s in g le  o r m u ltip le  lam bs, i s  p re sen te d  in  Appendix I I .
Seven lambs were n o t used as s u b je c ts ;  fo u r  lambs because th e  
experim en tal p rocedure  w ith  th e  re s p e c tiv e  ewes would have r e ­
s u lte d  in  f a l s e  d a ta ;  one s e t  o f  tw ins because o f  p re m a tu rity  and 
one s in g le to n  lamb because o f  d ea th .
Treatm ent o f  S u b jec ts  
P r io r  to  th e  o n se t o f b re e d in g , a program o f  p a r a s i te  
c o n tro l fo r  th e  f lo c k  was i n s t i t u t e d .  This program inc luded  
p a s tu r in g  th e  sheep in  w e ll d ra ined  f i e l d s ,  p a s tu re  r o ta t io n ,  
and two o ra l  a d m in is tra tio n s  o f th io b en d azo l (bolus p r e p a ra t io n ) . 
Throughout th e  p re n a ta l  p e rio d  a verm ifuge p re p a ra t io n  o f phena- 
th ia z in e  in  m in e ra ls  and s a l t  was g iven once a week as a su p p le ­
ment in  th e  fe e d in g  to  a l l  an im als.
Because o f  th e  p re n a ta l  d esign  o f  th e  experim ent, each 
ewe was randomly a ss ig n ed  and marked acco rd ing  to  one o f  each o f 
th e  fo u r tre a tm e n t groups p r io r  to  th e  in tro d u c tio n  o f  th e  ram
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in to  th e  f lo c k . These groups were as fo llow s:
Group C-1: Ewes which were given no sp e c ia l  tre a tm e n t
d u rin g  th e  p re n a ta l  p e r io d .
Group C -2: ' Ewes which were given no s p e c ia l  tre a tm e n t 
d u rin g  th e  p re n a ta l  p e r io d , b u t t r e a te d  im m ediately postpartum  
w ith  s h o r t- a c t in g  flu p h en az in e  hy d ro ch lo rid e  in  o rd er to  low er 
th e  a c t i v i t y  le v e l  o f  th e  ewe on ly .
Group H: Ewes which were g iven lo n g -a c tin g  flu p h en az in e
en an th a te  in je c ta b le  th roughou t a p o r tio n  o f th e  p re n a ta l  p e rio d  
in  o rd e r to  s u s ta in  a low ered a c t i v i ty  le v e l  o f  th e  ewe and h e r 
lamb.
Group X: Ewes which were given th e  a n th e lm in tic  agent
ro n n e l p re p a ra t io n  th roughou t th e  p re n a ta l  p e rio d .
From th e  tim e th e  ram was in tro d u ced  in to  th e  f lo c k  and 
" u n t i l  one week b e fo re  lam bing began, th e  f lo c k  was k ep t in  a 
s e r ie s  o f  la r g e ,  open p a s tu re s .  In  o rd e r th a t  th e  f lo c k  could  be 
k ep t i n t a c t  and y e t su b je c t to  d i f f e r e n t i a l  drug tre a tm e n ts , a 
p o r ta b le  c o r r a l  was b u i l t  which was en te red  by a Y -so r te r  appa­
r a tu s .  Each tim e th a t  th e  p re n a ta l ly  t r e a te d  groups were to  be 
ad m in is tered  t h e i r  re s p e c tiv e  d rugs, th e  e n t i r e  f lo c k  was herded 
th ro u ÿ i th e  s o r t e r  which le d  to  se p a ra te  pens. Thus, Group X ewes 
a te  t h e i r  o r a l  ro n n e l p re p a ra t io n  s e p a ra te  from th e  rem aining 
groups; Group H anim als were in je c te d  as they came t h r o u ^  th e  
main chute le a d in g  to  th e  sep a ra te d  pens.
A rou tine  fe e d in g  schedule  was e s ta b lis h e d  fo r  th e  f lo c k . 
Ample g raz in g  land  was a v a ila b le  u n t i l  snow fall when a l f a l f a  was
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used a s  a supplem ent. A d d itio n a lly , th e  f lo c k  rece iv ed  g ra in  fe e d - 
meal fo u r tim es a week a t  a r a t i o  o f one pound o f feed-m eal p e r 
ewe a t  each fe e d in g . For Group X re c e iv in g  th e  ro n n e l p re p a ra t io n  
d u rin g  th e  p re n a ta l  p e r io d , 9 ounces o f  th e  verm ifuge p re p a ra t io n  
was mijced w ith  th e  g roup ’s meal r a t io n .  This amount o f  th e  ro n n e l 
p re p a ra t io n  was a b e s t  e s tim a te  o f what had been g iven in  S k in n e r’s 
1968 study as a t  t h a t  tim e th e  verm ifuge was n o t recognized  as a 
v a r ia b le .  C o n s is te n t w ith  S k in n e r’s (1968) p ro ced u re , th e  ro n n e l 
was ad m in is tered  beg inn ing  th e  f i r s t  day o f th e  b reed in g  p e rio d  
and was d isco n tin u ed  approxim ately  a week b e fo re  th e  f i r s t  lamb 
was born .
Subcutaneous bim onthly in je c t io n s  o f  fluphenazine  enan th ­
a te  were n o t s ta r te d  w ith  Group H u n t i l  n ine  weeks a f t e r  i n t r o ­
d u c tio n  o f  th e  ram to  ensure  th a t  no d i f f i c u l t i e s  in  im pregnation  
would occur. Himwich (I960) rep o rted  th a t  m enstrual i r r e g u l a r i t i e s  
and l ib id o  changes have been re p o rte d  in  human p a t ie n ts  re c e iv in g  
p h en o th iaz in e  and p h en o th iaz in e  d e r iv a t iv e s .  While unpublished  
r e p o r ts  (1957) o f  The Squibb I n s t i t u t e  fo r  M edical R esearch in d i ­
c a ted  th a t  no te ra to g e n ic  e f f e c t s  o f  fluphenazine  en an tha te  
occurred  in  a study  o f  300 fe tu s e s  o f r a t s  and r a b b i t s ,  th e  n ine  
weeks w a itin g  tim e b e fo re  drug a d m in is tra tio n  in su red  no p o s s ib le  
in te r fe re n c e  w ith -e a r ly  f e t a l  developm ent.
D uring th e  lam bing seaso n , th e  f lo c k  was moved to  a 
fenced en c losu re  com prised o f  approxim ately  1500 square  y a rd s .
W hile th e  en c lo su re  was g eo g rap h ica lly  co n cen tra ted , th e  ewe 
beg inn ing  la b o r  was a b le  to  i s o la te  h e r s e l f  from th e  f lo c k . The
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f lo c k  was observed c o n tin u o u s ly  th r o u ^ o u t  each tw e n ty -fo u r hour 
p e r io d . The c h a r a c te r i s t i c  b eh av io r o f  th e  ewe n e a r in g  th e  tim e 
o f d e l iv e ry  was c o n s is te n t  w ith  what Pearce (1967) re p o r te d :
The f i r s t  s ig n  th a t  p a r tu r i t i o n  i s  n ea r occurs when 
th e  ewe w ithdraw s o r  i s o l a t e s  h e r s e l f  from th e  r e s t  o f  
th e  f lo c k . She ty p ic a l ly  lo c a te s  h e r s e l f  on th e  o u te r  
p e r im e te r  o f  th e  f lo c k ,  l i e s  down and rem ains in  t h i s  
lo c a t io n  u n t i l  p a r t u r i t i o n .  I s o la t io n  occurs w e ll b e fo re  
p a r tu r i t i o n  and. . . was observed to  occur as much as  e i ^ i t  
h ou rs  b e fo re  b i r t h  in  some in s ta n c e s . As p a r tu r i t i o n  n e a r s , 
th e  ew e's head ty p ic a l ly  droops and she rem ains in  a p ro s ­
t r a t e  p o s i t io n .  . . . W ith th e  passage o f  tim e th e  ewe 
becomes in c re a s in g ly  more a c t iv e  p h y s ic a l ly ,  p a r t i c u la r ly  
w ith  th e  o n se t o f  la b o r  c o n tra c t io n s .  A yellow ish-brow n 
bag ex tru d es  from th e  ew e's  vagina s h o r t ly  b e fo re  b i r t h  
and when th e  bag b u r s ts  th e  ewe fre q u e n tly  r i s e s  to  h e r  
f e e t  and s n i f f s  th e  ground where th e  c o n te n ts  o f  th e  bag 
a re  s p i l l e d .
S h o rtly  b e fo re  g iv in g  b i r t h ,  when th e  la b o r  
c o n tra c tio n s  a re  most in te n s e ,  th e  ewe p o in ts  h e r  nose 
upward in  c o n ju n c tio n  w ith  each c o n tra c tio n , w rin k le s  
h a r  n o se , £nd em its  a v e ry  s h r i l l  b le a t in g  sound
^ p .  26- 22/ .
When th e  lamb was b o rn , i t  was im m ediately tak en  from 
the  ewe b e fo re  she could  have any c o n ta c t w ith  i t .  W hile th e  lamb 
was b e in g  taken  to  th e  la b o ra to ry  fo r  a s tan d a rd  c le a n in g  p ro ­
cedure , th e  ewe was guided to  and confined  in  a sm all s h e l te re d  
pen. The confinem ent pen m easured approxim ately  4- f e e t  by 8 
f e e t  and con ta in ed  c le a n  bedding  hay . The g a te  o f  th e  pen was 
co n s tru c ted  o f  heavy w ire  fen c in g  to  allow  f o r  o b se rv a tio n  o f 
ewe-lamb in te r a c t io n  a t  a d is ta n c e  th a t  would n o t in t e r f e r e  w ith  
the  m othering  p ro c e ss .
A f te r  b e in g  c a r r ie d  to  th e  la b o ra to ry  in  b u rla p  sack in g , 
th e  lamb im m ediately was w e i r e d ,  tagged and th e  u m b ilicu s  p a in ted
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w ith  io d in e . A s tan d a rd  c lea n in g  p ro ced u re , s im u la tin g  th e  ewe’s 
e a r ly  m a te rn a l b eh av io r , c o n s is te d  o f  rubb ing  th e  anim al w ith  
b u rla p  beg in n in g  w ith  th e  sn o u t, head and neck and w orking back­
wards over th e  sp ine  to  th e  rump. T h is p rocedu re  was con tinued  
u n t i l  th e  lamb was ab le  to  s tan d  on a l l  fo u r  l e g s .  O bservations 
made d u rin g  t h i s  la b o ra to ry  p rocedure  were c o n s is te n t  w ith  th o se  
made by P earce (1967) re g a rd in g  lamb b eh av io r in  th e  n a tu ra l  s e ttijig *
The newborn lambs a re  m obile  a t  b i r t h  and a tte m p t to  
r i s e  on a l l  fo u rs  w ith in  th e  f i r s t  few m inutes o f  l i f e .
A l th o u ^  n o t u s u a lly  su c c e ss fu l on th e  f i r s t  a tte m p t, 
th e  newborn lambs a re  u s u a lly  ab le  to  s tan d  on a l l  fo u rs  
w ith in  t h i r t y  m inutes a f t e r  b i r t h  (p . 2 8 ).
Lambs o f  ewes from th e  c o n tro l group (C -1 ), th e  p re ­
n a ta l .  flu p h en az in e  en an th a te  group (H) and th e  p r e n a ta l  ro n n e l 
group (X) were th en  re tu rn e d  to  t h e i r  r e s p e c t iv e  m others in  th e  
confinem ent pens. Lambs o f  th e  flu p h en az in e  h y d ro ch lo rid e  a f t e r ­
d e liv e ry  group (C-2) were n o t re tu rn e d  u n t i l  th e  ewe had been 
m ilked and re c e iv e d  adequate  d rug  dosage to  meet th e  c r i t e r i a  
e s ta b lis h e d  fo r  a low ered a c t i v i t y  l e v e l .  The amount o f  tim e fo r  
th e  a p p ro p r ia te  drug re a c t io n  to  occur and th e  le n g th  o f  tim e i t  
took f o r  th e  la b o ra to ry  p rocedure  to  be a d m in is te red  to  th e  lamb 
approx im ately  co in c id ed .
Because p i l o t  s tudy  d a ta  re g a rd in g  drug  dosage c le a r ly  
showed how q u ick ly  flu p h en az in e  h y d ro ch lo rid e  a f fe c te d  th e  n u rs in g  
in f a n t  th rough  th e  m ilk , each ewe of Group C-2 was f i t t e d  w ith  a 
b r a s s ie r e  a f t e r  d e l iv e ry . In  o rd e r  to  p re v e n t th e  lamb from suck­
in g  m edicated m ilk  th rough porous m a te r ia l ,  th e  b r a s s ie r e s  were 
c o n s tru c te d  from p l a s t i c  shower caps to  which co rds w ere a tta c h e d
59
f o r  f i t t i n g  around th e  ewe’s b e l ly  and back le g s .
The impeding o f  n u rs in g  imposed by th e  b ra s s ie r e  was
f e l t  to  pose minimal i f  any in f lu e n c e  on subsequent v is u a l  depth
p e rc e p tio n . This d e c is io n  was based on th e  r e s u l t s  o f  L i t t l e ’s
(1966) study  in  which one group o f ewes and t h e i r  lambs were
t r e a te d  s im ila r ly  to  Group C-2:
Lambs were l e f t  w ith  a lo o se , b u t b r a s s ie re d  mother in  
th e  s t a l l .  A lthough th e  ewe in  t h i s  case  could  n o t nu rse  
h e r own young, maximal l^mb-ewe in te r a c t io n  was p e rm itted  
in  o th e r  re s p e c ts  / p .  3 6 /.
In  comparing t h i s  above d esc rib ed  group w ith  h i s  c o n tro l group
re g a rd in g  mean hours u n t i l  th e  avoidance o f  th e  v is u a l  c l i f f .
L i t t l e  (1966) found no s ig n i f ic a n t  d if fe re n c e  betw een th e  two
groups, 6.M- and 5 .8  mean hours re s p e c tiv e ly .
Three ounces o f  co lostrum  milked from th e  Group C-2 
m other b e fo re  th e  a d m in is tra tio n  o f drug was g iven  to  h e r lamb 
as soon as i t  was ab le  to  s tan d  on i t s  f e e t .  Denying th e  lamb 
any nourishm ent o r suck ing  experience  u n t i l  t h i s  tim e was done 
to  keep i n i t i a l  feed in g  experience  c o n s is te n t  w ith  th e  trea tm en t 
t h a t  lambs from o th e r groups rece iv ed  from t h e i r  own ewe-m others. 
U n til  th e  conclusion  of th e  t e s t in g  s i tu a t io n ,  th e  lambs o f Group 
C-2 were b o t t l e  fed  '4 ounces o f  formula on an every  fo u r hour 
b a s is .  The formula c o n s is te d  o f  2 ounces o f  evaporated  m ilk  and 
2 ounces o f  w a te r .
Twin s e ts  were used both  fo r  th e  h y p o th e s is  t e s t in g  
a sp e c t o f th e  experim ent and a s  su b je c ts  in  th e  i s o la t io n  a sp ec t 
o f th e  experim ent. A t th e  tim e o f b i r t h ,  tw in  lam bs were su b jec ted
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to  e x a c tly  th e  same s tan d a rd  la b o ra to ry  p rocedure  d e sc rib e d . When 
th e  lambs were ab le  to  s tan d  a d eq u a te ly , one o f  th e  tw in -p a ir  was 
randomly ass ig n ed  to  go in to  th e  i s o la t io n  group co n d itio n  and was 
b o t t l e  fed  3 ounces o f  co lostrum ; th e  tw in-m ate was re tu rn e d  to  i t s  
m other. Those lambs p laced  im m ediately in  i s o la t io n  were la b le d  
"M aternal D ep riv a tio n "  c o n d itio n . The tw in-m ates who were re tu rn ed  
to  t h e i r  m others u n t i l  re ach in g  th e  c r i t e r io n  o f  avoidance o f th e  
v is u a l  c l i f f ,  and which subsequen tly  were p laced  in  th e  i s o la t io n  
la b o ra to ry , were la b le d  "M aternal S ep a ra tio n "  c o n d itio n . A ssign­
ment o f  a tw in to  e i th e r  i s o la t io n  c o n d itio n  s e t t i n g  was randomized 
accord ing  to  b i r t h  w e i ^ t  as ty p ic a l ly  one o f  each tw in -p a ir  i s  
th e  h e a v ie r .
In  a d d itio n  to  th e  assignm ent o f each o f  a tw in -p a ir  
to  a d e p r iv a tio n  or s e p a ra tio n  co n d itio n  w ith in  th e  i s o la t io n  a s ­
p e c t o f  th e  experim ent, a l t e r n a t iv e  assignm ent o f  s e ts  o f  tw ins
was made in  term s o f  th e  lambs hav ing  f u l l  v is u a l  experience  du rin g
th e  i s o la t io n  ex p erien ce . Thus, a tw in -p a ir  m i ^ t  have been assigned  
a f u l l  v is io n  denied i s o la t io n  c o n d itio n  w ith  one tw in  be ing  p laced
im m ediately in to  th e  i s o la t io n  la b o ra to ry  and th e  tw in  mate re tu rn ed
to  the  mother u n t i l  i t  had completed th e  tre a tm e n t group a sp ec t o f  
th e  experim ent.
A l th o u ^  seven teen  s e t s  o f  tw ins were born  to  th e  f lo c k , 
lambs from fo u r te e n  tw in  s e ts  were used in  th e  i s o la t io n  a sp ec t 
o f  th e  experim ent. One s e t  o f tw ins was n o t used because o f p re ­
m a tu rity ; two o th e r  s e ts  were n o t used because o f  experim enter 
e r r o r  in  r e tu rn in g  b o th  lambs to  th e  m other. Thus, two s in g le to n
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lam bs, matched fo r  tre a tm e n t group and w e i ^ t ,  were s u b s t i tu te d  
in  th e  i s o la t io n  c o n d itio n  denying f u l l  v i s u a l  ex p erien ce . Over­
a l l ,  fo u r te e n  lambs were p laced  in  th e  m aternal d e p r iv a tio n  cond i­
t io n ,  seven o f  which were denied p a tte rn e d  v is io n ;  fo u r te e n  lambs 
were p laced  in  th e  m aternal s e p a ra tio n  c o n d itio n  w ith  seven lambs 
a lso  denied p a tte rn e d  v is io n .
The i s o la t io n  la b o ra to ry  was a la r g e ,  windowless room 
m easuring 13 f e e t  h i ^  x 19 f e e t  lo n g  x 23 f e e t  w ide. The w a lls  
and c e i l in g  were p a in te d  f l a t  w h ite ; th e  f lo o r in g  was grey cement. 
Three room -length  rows o f  f lo u re s c e n t  l i ^ t s  co n tinuously  i l lu m i­
n a ted  th e  th re e  rows o f  w ire  cages below. Each row o f  cages was 
12 f e e t  long  d iv id ed  in to  s ix  com partm ents, each m easuring 36 inches 
h i ^  X 24- in ch es  lo n g  x 36 inches w ide. C o n stru c tio n  was o f  heavy 
welded one-inch  mesh w ire . The f lo o r  o f  each cage was k ep t covered 
w ith  th re e  la y e r s  o f newspaper.
Each lamb was p laced  in  an in d iv id u a l compartment f o r  
an i s o la t io n  experience  o f 168 h o u rs . Those lambs which were 
denied f u l l  v is u a l  experience  d u rin g  th e  i s o la t io n  p e rio d  were 
f i t t e d  w ith  p l a s t i c  t r a n s lu c e n t  gogg les. These goggles were h e ld  
in  p lace  by 1 /4  inch-w ide e l a s t i c  bands around th e  head and p o s­
t e r i o r  a sp e c t o f  th e  sn o u t. At no tim e was th e re  any in te r fe re n c e  
w ith  b re a th in g , suck ing  o r sw allow ing. Goggled and non-goggled 
lambs were a l te rn a te d  in  a d jo in in g  compartments to  minimize between 
w ire  in te r a c t io n .
D uring th e  i s o la t io n  e x p e rien ce , th e  lambs re c e iv e d  no 
human c o n ta c t excep t f o r  d u rin g  an every fo u r  hour feed in g  and
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c lea n in g  s c h e d u le . Each c o n ta c t p e r  anim al v a ried  from ■+ to  10 
m inu tes. Follow ing i s  th e  c o n ta c t p rocedure  which was r i g i d ly  
c a r r ie d  ou t f o r  each anim al:
(1) H and-feed each lamb th e  p re s c r ib e d  amount o f  form ula 
every  fo u r h o u rs .
(2) Massage each lamb du rin g  feed in g  w ith  a sponge 
dampened w ith  m in era l o i l .  Work from the  head , 
over th e  s p in a l area  to  th e  rump.
(3) Replace s o ile d  newspaper f lo o r in g  o f the cage.
Those lambs w hich were p laced  in  i s o la t io n  in  th e  m aternal d e p riv a ­
t io n  c o n d itio n  w ere fed  ounces o f form ula fo r  approxim ately  72 
h o u rs . At t h i s  tim e , th e  form ula was in c re ase d  to  6 ounces every 
fo u r h o u rs . Lambs p laced  in  i s o la t io n  a f t e r  reach ing  th e  c r i t e r io n  
avoidance resp o n se  on th e  v is u a l  c l i f f  were in c reased  to  6 ounces 
p e r  fe e d in g  a f t e r  approx im ately  36 h o u rs . Lambs which remained 
on ounces o f  form ula th r o u ^ o u t  th e  i s o la t io n  experience  were 
th ose  o f co m p arativ e ly  l i ^ t  b i r t h  w e i ^ t  and sm alle r s t a t u r e .
D e ta ile d  o b se rv a tio n s  were recorded  every fo u r hours 
d u rin g  each lam b’s i s o la t io n  e x p e rien ce . General o b se rv a tio n s  o f  
th e  group were made between th e  c o n ta c ts  v ia  an unob tru sive  peep­
h o le  in  th e  la b o ra to ry  door. Recording in c luded : Feeding b e ­
h a v io r , e x c re to ry  p a t te r n ,  b le a t in g  p a t te r n ,  muscle to n u s , motor 
a b i l i t y ,  g e n e ra l a c t i v i t y  l e v e l .
I f  th e  lamb su rv ived  th e  i s o la t io n  exp erien ce , i t  was 
removed from th e  la b o ra to ry  and i t s  v is u a l  c l i f f  p e rc ep tio n  te s t e d .  
D uring t h i s  a sp e c t o f th e  t e s t i n g  s i tu a t io n  th e  lamb was k e p t w ith  
a p eer group o f  o th e r  p o s t - i s o la t io n  lambs in  an outdoor w ire  pen
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m easuring W- f e e t  h i ^  x 8 f e e t  long  x 4- f e e t  w ide.
Experim ental Design 
For a l l  a sp e c ts  o f  th e  experim ent, th e  experim en tal day 
was d iv id ed  in to  segments o f  fo u r hours each, beg inn ing  a t  8:00 
A.M., noon, 4--.00 P.M ., 8:00 P.M ., m idnight and 4-:00 A.M. When 
born  in to  i t s  re s p e c tiv e  p re n a ta l  o r p o s tn a ta l  trea tm en t group 
each lamb was given i t s  s tan d a rd  c lean in g  procedure and te s t e d  
on th e  v is u a l  c l i f f  ap p ara tu s  a t  th e  o n se t o f  th e  n ex t o ccu rrin g  
tim e p e r io d . Each lamb was th en  te s te d  on th e  v is u a l  c l i f f  a t  
each succeed ing  tim e p e rio d  u n t i l  i t  e x h ib ite d  th e  c r i t e r io n  avo id ­
ance re sp o n se . Those anim als re q u ir in g  hand feed in g  were fed  
im m ediately a f t e r  t e s t in g  to  minimize le th a rg y . Between t r i a l s  
th e  lambs were k ep t w ith  t h e i r  mothers in  th e  confinem ent pens.
Lambs which su rv ived  th e  158 hour i s o la t io n  experience  
were p laced  on th e  v is u a l  c l i f f  appara tu s im m ediately a f t e r  t h e i r  
i s o la t io n  p e rio d  was com pleted. Lambs which had been goggled d id  
n o t have t h e i r  goggles removed u n t i l  p laced  on th e  ap p ara tu s  fo r  
th e  f i r s t  tim e . In  o rd e r to  keep w ith in  th e  c o n s is te n t ,  every 
fo u r  hour schedule  o f t r i a l s  on th e  c l i f f  ap p a ra tu s , anim als were 
removed from i s o la t io n  a t  th e  tim e p e rio d  c lo s e s t  to  168 h o u rs .
Each p o s t - i s o la t io n  lamb was te s te d  on th e  v is u a l  c l i f f  a t  each 
su cc e ss iv e  tim e p e rio d  u n t i l  th e  c r i t e r io n  avoidance response  was 
dem onstra ted , o r  u n t i l  i t  had completed te n  t r i a l s .  As a l l  o f  th e  
p o s t - i s o la t io n  anim als re q u ire d  b o t t l e  feed in g , each lamb was fed  
im m ediately a f t e r  t e s t i n g .  Between t r i a l s  th e se  lambs were k ep t
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in  th e  outdoor w ire  pen  confined  w ith  t h e i r  p e e rs .
The V isu al C l i f f
The v is u a l  c l i f f  ap p a ra tu s  was th e  same as  th a t  used by 
L i t t l e  (1966), Baumgold (1967) and Sk inner (1968).
The o v e r - a l l  s t r u c tu r e  resem bled a la rg e  box m easuring 
73% in ch es  h i ^  x 46 in ch es  lo n g  x 31 inches w ide. The su rfa c e s  
o f  th e  s t r u c tu r e  c o n s is te d  o f  3 /4  in ch  plywood w ith  an o u te r  r e ­
in fo rc in g  fram e c o n s tru c te d  o f  2 in ch  x 4 in ch  wooden s to ck . A ll 
i n t e r i o r  and e x te r io r  wood su rfa c e s  were p a in te d  w ith  f l a t  b la c k  
enamel to  reduce g la r e .  L i t t l e  (1966) d esc rib ed  th e  ap p ara tu s :
The top o f  th e  ap p ara tu s  was f i t t e d  w ith  a 17" x 
31" h inged  f la p  t h r o u ^  which th e  lamb was p laced  on a 
p la tfo rm . The h inged  f la p  was edged w ith  ru bber s t r i p s  
to  e lim in a te  a l l  e x te r n a l  so u rces  o f  l i ^ t .  The g la ss  
su rfa c e  u t i l i z e d  f o r  th e  t e s t  s i tu a t io n  measured 44 3 /4"
X 29 7 /16" and was f i t t e d  in to  s lo t te d  grooves to  
e lim in a te  cu es . From th e  su rfa c e  o f  th e  g la s s  to  th e  
in s id e  to p  o f  th e  a p p a ra tu s  measured 24", w h ile  beneath  
t h i s  was a 48" s im u la ted  drop. The g la s s  p la tfo rm  onto 
which th e  lamb was in tro d u ced  t h r o u ^  th e  top  measured 
29 7/16" X 1 2 " . D ire c t ly  beneath  th e  g la s s  su rfa ce  o f 
th e  p la tfo rm  was f i t t e d  w ith  a / s i c /  red  and w hite  
1 1 /2 "  checkerboard  c o tto n  m a te r ia l which dropped from 
th e  f r o n t  edge o f  th e  p la tfo rm  p e rp e n d ic u la r  to  the  
bottom  o f  th e  a p p a ra tu s . From th a t  p o in t  i t  was f lu s h  
on th e  bottom  to  th e  end o p p o site  th e  p la tfo rm . The 
p la tfo rm  was l i ^ t e d _ f r o m  bene^ath by two vending machine 
f lu o re s c e n t  l i ^ t s  ^ p .  3 8 - 3 9 / .
The lamb was p laced  on th e  i n t e r i o r  p la tfo rm  and th e  
c e i l in g  f la p  was c lo se d . T y p ic a lly , in  th e  e a r ly  p o s tn a ta l  p e rio d , 
th e  lambs exp lo re  th e  w a lls  o f  th e  en c lo su re  f r e e ly  and walk o f f  
th e  p la tfo rm  ("safe"  s id e )  on to  th e  p o r t io n  o f th e  g la s s  below 
which i s  th e  ap p aren t d rop . A t th e  tim e o f  th e  development o f  
th e  avoidance re sp o n se , th e  lam bs, when p laced  on th e  p la tfo rm .
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e i th e r  re fu se  to  move o r move c a u tio u s ly  keep ing  s a f e ly  away from 
th e  ap p aren t drop. Lambs a ls o  e x h ib i t  a c h a r a c t e r i s t i c  p o s tu re  in  
t h e i r  r e f u s a l  to  move which c o n s is ts  o f s t i f f e n in g  o f  th e  fo re le g s  
and "b ack -p ed a llin g "  o f  th e  h ind  le g s  in  an a p p a ren t e f f o r t  to  move 
f u r th e r  back from th e  edge o f th e  c l i f f .  A d d it io n a lly , th ey  ten d  
to  nose tow ards th e  f lo o r  o f  th e  p la tfo rm  and seem to  be v is u a l ly  
ta k in g  th e  apparen t drop in to  acco u n t. A low , g u t t e r a l  f e a r -  
b le a t  f re q u e n tly  accom panies th e  o n se t o f  th e  avoidance b e h av io rs .
When a lamb rem ained on th e  s a fe - s id e  p la tfo rm  f o r  th re e  
m inutes w ith o u t p la c in g  e i th e r  o f i t s  f r o n t  hooves beyond th e  edge 
o f  th e  d rop , th e  c r i t e r i o n  avoidance response  was co n sid e red  to  be 
a t ta in e d .  O ccasionally  a lamb would n o t dem onstrate  th e  c h a rac ­
t e r i s t i c  "b ack -p ed a llin g "  b eh av io rs  d u rin g  th e  th re e  m inute t e s t  
p e rio d  t h o u ^  i t  rem ained on th e  sa fe  s id e .  In  th e se  c a s e s , th e  
experim en ter gave th e  lamb a g e n tle  push toward th e  drop to  
dem onstrate  th e  " b a c k -p e d a llin g ,"  th u s  c le a r ly  e s ta b l is h in g  th e  
avoidance resp o n se .
The age a t  which th e  c r i t e r io n  avoidance re sp o n se  was 
f i r s t  e l i c i t e d  was recorded  in  term s o f  hours and m inutes a f t e r  
b i r t h .  T his was th e  c r i t i c a l  measurement u t i l i z e d  i n  th e  hypo­
th e s i s  t e s t i n g  a sp ec t o f  th e  experim ent.
The id e n t ic a l  c r i t e r i o n  avoidance response  was u t i l i z e d  
w ith  th o se  lambs which were p laced  in  th e  v is u a l  c l i f f  ap p ara tu s  
im m ediately a f t e r  removal from  th e  i s o la t io n  ex p erien ce . In  t h i s  
case  th e  tim e a t  which th e  c r i t e r i o n  response  was dem onstrated  o r 
te n  t r i a l s  were completed was recorded  in  term s o f  ho u rs  a f t e r
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rem oval from i s o la t io n .  Because th e  lambs were removed e x a c tly  a t  
one o f  th e  fo u r  hour segments o f  th e  experim en ta l day and were run 
on th e  ap p ara tu s  every fo u r  h o u rs , a l l  tim es were recorded  in  whole 
h o u rs .
Drugs
D rug-induced change in  th e  ewes' l e v e l  o f  a c t iv a t io n  was 
c a r r ie d  o u t by means o f  th e  p h en o th iaz in e  d e r iv a t iv e ,  flu p h en az in e . 
B erger (1957) and Irw in  (1966) desc rib ed  th e  p h en o th iaz in e  (c h lo r -  
p ro m az in e-lik e ) drugs as autonomic su p p re ssan ts  which a re  b e lie v e d  
to  reduce a ro u sa l mechanisms t h r o u ^  d ep re ss in g  components o f  th e  
m esodiencephalic  a c t iv a t in g  system . These drugs an tagon ize  th e  
autonomic hormones such as  a c e ty lc h o lin e , ep in ep h rin e , and h i s t a ­
mine, and dep ress co n d itio n ed  r e f le x e s .  Irw in  (1966) s ta te d :
. . . th e  prim ary a c tio n s  o f ch lo rp ro m az in e-lik e  drugs o f  
th e ra p e u tic  re lev an ce  would seem t h e i r  a b i l i t y  to  reduce 
b e h av io ra l a ro u s a l , responses to  environm ental s t im u li  
( in c lu d in g  a c t iv e  avoidance) and locom otor a c t i v i t y , 
w ith o u t im p a irin g  d is c r im in a tio n  /p .  262 / .
Meprobamate, n o t o f  th e  p h en o th iaz in e  c la s s ,  and b a r b i tu a te - l ik e  
drugs a re  a lso  ab le  to  reduce b e h av io ra l a ro u sa l (when th e  s u b je c t 
i s  u n d is tu rb e d ) . However, Irw in  (1966) p o in ted  ou t t h a t  th e se  drugs 
in c re a s e , r a th e r  than  d e c rea se , motor resp o n ses  to  e x te rn a l s t im u l i ,  
im pair d is c r im in a tio n  and judgm ent, and a re  n o t locom otor sup p res­
s a n ts .  For th e  purposes o f  th e  p re se n t s tu d y , s e le c t in g  a drug 
from th e  p h en o th iaz in e  ca teg o ry  seemed most a p p ro p r ia te .
One o f  th e  p re n a ta l  tre a tm e n t g roups, (Group H), re q u ire d  
a r e l a t iv e ly  lo n g  p e rio d  o f  drug a d m in is tra tio n . Thus, drug s e le c ­
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t io n  was a lso  dependent on i t  b e in g  e a s i ly  and a c c u ra te ly  adm inis­
te re d  to  an im als. F luphenazine seemed to  be such a drug as i t  i s  
p repared  as a lo n g -a c tin g  in je c ta b le  compound. A d d itio n a lly , 
fluphenazine  i s  p rep a red  in  a s h o r t - a c t in g  form ula which allow ed 
fo r  a comparable drug e f f e c t  on ewes who were to  experience  a ra p id  
red u c tio n  o f  a c t i v i t y  l e v e l  im m ediately p o stpartum , (Group C -2 ). 
Regarding th e  compound flu p h e n a z in e , K urland e t  (196M-) re p o rte d :
D osage-w ise, i t  i s  one o f  th e  most p o te n t o f  th ese  
(pheno th iaz ine) confounds. I t s  com paratively  sm all 
e f f e c t iv e  dosage may have suggested  th e  p o s s ib le  lo n g - 
l a s t i n g  e f f e c t  o f  th e  subcutaneous a d m in is tra tio n  o f  a 
la rg e  amount o f  th e  drug in  a r e l a t i v e ly  sm all volume 
o f a v e h ic le  such as  sesame o i l .  T his method would allow  
the  drug to  be slow ly  absorbed by th e  body f lu id s  and 
p rov ide  a con tinuous and f a i r l y  c o n s ta n t l e v e l  o f  
m ed ication .
The obvious advantage o f such a p re p a ra t io n  would 
be th e  removal o f  th e  n e c e s s ity  o f  a d m in is te r in g  m ed ication  
se v e ra l tim es d a i ly .  I t  would a lso  h e lp  in  e lim in a tin g  
th e  u n c e r ta in t ie s  a ss o c ia te d  w ith  o ra l  consumption o f  th e  
m edication  13%/.
Burke e t  (1962) u t i l i z e d  th e  lo n g -a c tin g  flu p h en az in e  
(fluphenaz ine  enan th a te ) in  pharm acolog ica l re s e a rc h  w ith  r a t s  and 
dogs. These in v e s t ig a to r s  dem onstrated t h a t  a s in g le  dose o f 
en an th a te  in h ib i te d  th e  co n d itio n ed  avoidance response  in  r a t s  
fo r  tw elve to  f i f t e e n  days. In h ib i t io n  o f apom orphine-indueed 
vom iting in  dogs was p ro longed fo r  up to  fo u r  weeks a f t e r  a s in g le  
dose. T o x ic ity  and pharm aco log ica l e f f e c t s  o f  th e  lo n g -a c tin g  
en an tha te  were found to  be  comparable w ith  th a t  o f  th e  s h o r t- a c t in g  
fluphenazine  h y d ro c h lo rid e .
Fluphenazine has been used w ith  mice (Squibb, 1967), 
r a t s  (Burke e t  a l . ,  1 9 6 2 ), c a ts  (Irw in , 1966), dogs and r a b b i t s .
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(Squibb, 1967). S ev era l s tu d ie s  have been c a r r ie d  o u t w ith  human 
s u b je c ts  (Kurland e t  a l . ,  1964; K urland and R ichardson, 1966). No 
re se a rc h  data  was found using , sheep as su b je c ts  and th e  problem 
o f e s ta b l is h in g  th e  minimal e f f e c t iv e  dose o f  flu p h en az in e  rem ained.
Baumgold (1967) encountered  a s im ila r  d i f f i c u l t y  in  
e s ta b l is h in g  dosage le v e l s  in  sheep u s in g  th e  drug chlorprom azine.
As a r e s u l t  o f  h is  p i l o t  study  work, he e s ta b lis h e d  a .75 mg/pound 
dosage l e v e l .  This amount o f  drug approx im ates, t h o u ^  i s  s l i ^ t l y  
h i ^ e r  th an  th e  i n i t i a l  dose o f  chlorprom azine fo r  human a d u lts .  
Irw in  (1966) re p o rte d  th a t  in  comparing human and anim al dosage, 
th e re  i s  g e n e ra lly  a g re a te r  r e s is ta n c e  o f sm a lle r  mammals ( e .g . ,  
mouse, r a t ,  and c a t)  to  drugs on a mg/kg b a s is ,  w h ile  f o r  anim als 
la r g e r  th an  man, sm alle r mg/kg doses o f  drug a re  u s u a lly  re q u ire d . 
T h e re fo re , i t  seemed th a t  Baumgold’ s (1967) f in d in g s  supported  the  
h y p o th esis  t h a t  a human dosage le v e l  e s ta b lis h e d  f o r  th e  pheno th ia­
z in e  d e r iv a t iv e s  would be approx im ately  comparable f o r  sheep .
A p i l o t  study  u s in g  e ig h t non-experim ental sheep was 
c a r r ie d  ou t to  e s ta b l is h  th e  minimal e f f e c t iv e  dose fo r  bo th  
fluphenazine  en an tha te  ( lo n g -a c tin g )  and fluphenazine  h y d roch lo ride  
( s h o r t - a c t in g ) . Four y e a r l in g  sheep were te s te d  u s in g  th e  enan thate  
p re p a ra t io n . In  most human s u b je c ts ,  re s e a rc h e rs  a re  in  agreement 
th a t  a s in g le  b i-m onth ly  (every  two weeks) in je c t io n  o f 25 mg o f 
t h i s  p re p a ra t io n  i s  as  e f f e c t iv e  a s  d a i ly  o ra l  doses o f  fluphenazine  
h y d ro ch lo rid e  (K in ross, Vogt, and Choralampous, 1963). I n i t i a l  
p i l o t  s tudy  doses were e s ta b lis h e d  a t  very  low le v e l s  and g rad u a lly
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in c re a se d  in  o rd e r to  o b ta in  in fo rm ation  on graded e f f e c t s  o f  th e  
drug as suggested  by Irw in  (1966). For example, two sheep were 
s t a r t e d  on o n e - th ird  o f  th e  a d u lt  human dose (8 .3  mg) o f  en an th a te  
and two sheep were s ta r te d  on o n e -s ix th  o f th e  a d u lt  human dose 
(M- mg). When no observab le  b e h av io ra l e f f e c ts  were ob ta in ed  w ith  
e i t h e r  dosage l e v e l ,  th e  amount fo r  each p a i r  was in c reased  to  
o n e -h a lf  o f  th e  human dose (12.5 mg) and f u l l  human dose (25 mg) 
re s p e c t iv e ly .  No o b servab le  b eh av io ra l e f f e c t s  were no ted  a t  th e se  
dosage l e v e l s .
D uring th e  tim e th e  p i l o t  study on th e  en an th a te  p re ­
p a ra tio n  was being  c a r r ie d  o u t, a d e liv e red  a d u lt  ewe (two-weeks 
postpartum ) was added to  th e  s tu d y . This an im al, to g e th e r  w ith  
th e  o th e r  fo u r  y e a r lin g s  were given a dosage o f  30 mg fluphenazine  
e n a n th a te . W ith in  72 h o u rs , th e  f i r s t  observed e f f e c t s  were n o ted . 
A ll o f th e  sheep seemed l e s s  responsive  to  e x te rn a l s t im u li  and 
allow ed humans to  approach and touch them w ith o u t th e  p re v io u s ly  
noted avoidance re sp o n ses . The la c k  o f  avoidance behav io r was 
p a r t i c u la r ly  n o tic e a b le  w ith  th e  newly d e liv e re d  ewe and h e r  lamb. 
The d e fen siv e  b eh av io r, ty p ic a l  o f  th e  mother ewe when approached 
by humans, seemed ab sen t and she was observed to  a c t iv e ly  approach 
the  ex p erim en ter. L ikew ise, th e  lamb seemed l e s s  fr ig h te n e d  and 
allow ed th e  experim en ter to  approach w ith o u t th e  u su a l s t a r t l e  
response seen  in  young lam bs. The amount o f  d is ta n c e  which th e  
lamb and ewe allow ed between them seemed in c re a se d . The changes 
in  th e  lamb suggested  th a t  th e  drug was be ing  tra n sm itte d  v ia  th e  
ew e's m ilk . The tim e o f  o n se t o f observab le  b eh av io ra l changes
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a f t e r  th e  in je c t io n  o f th e  drug was in  keeping  w ith  what has been 
re p o r te d . A review  o f  flu p h en azin e  en an th a te  in  Modern Drug
(1967) s ta te d  th a t  o n se t o f  a c tio n  appears between 24- to  72 hours 
a f t e r  in je c t io n  and e f f e c t s  become s ig n i f ic a n t  w ith in  W-8 to  96 
h o u rs -
The s t a r t i n g  dosage e s ta b lish e d  fo r  th e  p re n a ta l  t r e a t ­
ment group (Group H) was 30 mg given subcu taneously  every 14 days. 
At th e  same tim e , th e  newly d e liv e re d  p i l o t  study  ewe was g iven a 
dosage in c reased  to  37 .5  mg. No observab le  changes were noted in  
th e  Group H tre a tm e n t group d u ring  th e  fo u rtee n  days fo llow ing  
t h e i r  30 mg dose. However, th e  p i l o t  study  ewe was showing f u r ­
th e r  b e h av io ra l changes w ith  th e  37.5 mg dose. These changes 
in c lu d ed  s tan d in g  q u ie t ly  f o r  long  p e rio d s  o f tim e w ith  head 
and e a rs  s l ig h t ly  drooped; in c reased  d is ta n c e  from th e  f lo c k ; 
d ecrease  in  eagerness o f  approach a t  feed in g  tim e .
On th e  b a s is  o f  changes in  th e  p i l o t  ewe, th e  second 
in je c t io n  o f en an th a te  g iven  to  Group H was in c reased  to  37.5 
mg. W ithin th re e  days, th e  tre a tm en t group anim als were responding  
in  alm ost id e n t ic a l  fa sh io n  to  th a t  o f th e  p i l o t  ewe. Throughout 
th e  rem ainder o f  th e  p re n a ta l  p e rio d  th e  37.5 mg dosage le v e l  
was used on an every fo u r te e n  day schedu le .
Four a d d it io n a l  y e a r lin g  sheep and a two-day postpartum  
ewe were used in  th e  p i l o t  study  to  determ ine dosage le v e ls  o f  th e  
s h o r t - a c t in g  flu p h en az in e  h y d ro ch lo rid e . Once a g a in , a graded 
increm ent o f drug dosage was u sed , w ith  two y e a r lin g s  re c e iv in g  
o n e - th ird  o f  an a d u lt  human dose (.42  mg) and two re c e iv in g  one-
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s ix th  o f  an a d u lt  human dose (.2 1  mg). W ithin tw elve m inutes a l l  
an im als were observed to  low er t h e i r  e a r s ,  make a yawning motion 
w ith  t h e i r  l i p s ,  and l i e  down. When approached by th e  e x p e r i­
m enter a f t e r  tw enty m in u tes , a l l  o f th e  sheep a ro se , moved se v e ra l 
f e e t  and la y  down a g a in . W ithin  f o r ty - f iv e  m inu tes, a l l  sheep 
were up and about e a t in g  w ith  no observab le  drug e f f e c t .
Because th e  d e liv e re d  ewe most d i r e c t ly  em ulated th e  
Group C-2 anim als who were to  be given th e  s h o r t- a c t in g  drug 
im m ediately a f t e r  d e l iv e ry ,  t h i s  sheep became th e  m ajor p i l o t  
an im al. T h ree -fo u rth s  o f  th e  s t a r t i n g  dose f o r  a d u lt  humans 
(.94- mg) was in je c te d  in tra m u sc u la r ly . Notes on th i s  o b serv a tio n  
p e rio d  a re  p re sen te d  in  Appendix I I I .  Subsequent t r i a l s  u s in g  
th e  f u l l  dose recommended f o r  humans (1 .25  mg) and a dose o f 1 .88 
mg in c re a s in g ly  low ered th e  ewe’s a c t i v i ty  l e v e l  w ith o u t i n t e r ­
f e r in g  w ith  co n sc io u sn ess . The len g th  o f  tim e th a t  th e  i n i t i a l  
doses seemed to  be e f f e c t iv e  in  low ering  a c t i v i t y  was approxim ately  
two h o u rs . I f  a subsequen t 1 .2 5  mg dose was th en  ad m in is te red , 
th e  low ered a c t i v i ty  e f f e c t  l a s t e d  approx im ately  fo u r h o u rs . Fur­
th e r  dosages o f .53 mg on an every fo u r hour b a s is  seemed adequate ly  
to  m a in ta in  th e  d e s ired  su s ta in e d  reduced a c t i v i t y  le v e l  o f th e  ewe.
At th e  tim e t h a t  th e  Group C-2 ewes began to  d e l iv e r ,  
they  were s t a r t e d  on a 1 .8 8  mg dose o f  flu p h en az in e  h y d ro ch lo rid e  
in je c te d  in tra m u sc u la r ly . O bservation  n o te s  were kep t on each- 
an im al. As Appendix IV shows, some in d iv id u a l  d if f e re n c e s  occurred  
in  th e  s t a r t i n g  dose and subsequent doses g iven to  th e  p o s tn a ta l ly  
t r e a te d  ewes.
CHAPTER IV 
RESULTS
In  t e s t i n g  th e  fo rm ulated  h y p o th eses , th e  measured depen­
dent v a r ia b le  was th e  age (hours and m inu tes) from th e  tim e o f  b i r t h  
a t  which th e  lamb f i r s t  e x h ib ite d  th e  c r i t e r i o n  avoidance response 
on th e  v is u a l  c l i f f  a p p a ra tu s . Table 1 p re s e n ts  th e  hours o f  age 
in  term s o f  th e  ran g e , mean and s tan d a rd  d e v ia t io n  fo r  th e  th re e  
experim en tal groups and th e  c o n tro l  group.
Table 2 p re s e n ts  th e  r e s u l t s  o f  th e  a p p l ic a t io n  o f  th e  
_t ("S tu d en t’s ”) s t a t i s t i c  (Walker and Lev, 1963, pp . 156-158) to  
th e  experim en tal and c o n tro l d a ta . Because a l l  o f  th e  sam ples 
were sm all (under N=30), a c o r re c t io n  f a c to r  suggested  by W alker 
and Lev (1953, p . 157) was ap p lied  when th e  t  s t a t i s t i c  fo r  un­
equal v a ria n ce s  was u t i l i z e d .  P r io r  to  th e  s e le c t io n  o f  th e  
a p p ro p ria te  _t s t a t i s t i c .  H a r t le y ’s F max t e s t  (Walker and Lev,
1953, pp. 192-193) fo r  hom ogeneity o f  v a r ia n c e  o f  san g les  o f  non- 
uniform  s iz e  was ap p lie d  to  each o f th e  two groups whose means 
were being  compared.
The f i r s t  h y p o th es is  t e s te d  was t h a t  lambs o f  ewes whose 
a c t i v i ty  le v e l  p o te n t ia l  h as been reduced th ro u g h  t r a n q u i l i z e r  




MEANS, RANGES, AND STANDARD DEVIATIONS OF HOURS 
TO THE CRITERION AVOIDANCE RESPONSE FOR 
ALL GROUPS OF IAMBS
Group N Range Mean S tandard
D ev ia tio n
C ontro l (C-1) 10 2 .25-13 .25 5.23 3.22
M other-neonate 
Optimal Stim u­
la t i o n  Level 
Lowered (H)
11̂ 1 .2 5 -1 0 .2 5 5.15 2.53
Mother A c tiv ity  
Level Lowered
(C-2)
11 8 .00-80 .46 48.43 24.81
Ronnel P re n a ta l ly  
(X)
7 1 .0 8 -2 0 .4 5  
TABLE 2
11.02 6.65
t  TESTS 
THE
BETWEEN ALL PAIRS OF MEAN HOURS TO 
CRITERION AVOIDANCE RESPONSE
Group C-1 H C-2 X
C-1 - .069 ns 5.72* 2.33**
H - - 5.76* 2.87*
C-2 - - - 4.72*
X - - - -
* s ig n i f ic a n t  beyond .01 le v e l  o f  confidence 
** s ig n i f ic a n t  a t  .025 le v e l  o f  confidence
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l a t e r  age th an  c o n tro l lambs (Group C-1) ex p erien c in g  an op tim al 
s t im u la tio n  l e v e l  in te r a c t io n .  The t  s t a t i s t i c  u t i l i z e d  in  com­
p a r in g  Group C-2 w ith  Group C-1 data  was th a t  accoun ting  f o r  un­
equal v a r ia n c e s . The ob ta ined  t  o f  5 .7 2 , w ith  10 deg rees o f f r e e ­
dom, in d ic a te d  a d if fe re n c e  in  means in  th e  p re d ic te d  d ir e c t io n  
beyond th e  .01 le v e l  o f  s ig n if ic a n c e .
H ypothesis two s ta te d  t h a t  in  a m other-neonate r e l a t io n ­
sh ip  w herein th e re  i s  a comparably low ered , b u t op tim al s tim u la tio n  
le v e l  (Group H ), th e  age a t  which th e  lambs avoid th e  v is u a l  c l i f f  
w i l l  n o t d i f f e r  s ig n i f ic a n t ly  from th a t  o f  c o n tro l lambs (Group 
C -1 ). A pplying th e  t  s t a t i s t i c  f o r  equal v a r ia n c e s , w ith  22 degrees 
o f  freedom, gave a n o n -s ig n if ic a n t  t  -  sco re  o f  .069. T his sco re  
in d ic a te s  th a t  th e  d if fe re n c e  in  means between th e  two groups i s  
n o t s i g n i f i c a n t ,  th e reb y  confirm ing  th e  h y p o th e s is .
The th i r d  h y p o th esis  s ta te d  t h a t  lambs whose m others 
have been fed  th e  ro n n e l-b ased  verm ifuge d u rin g  th e  p re n a ta l  p e rio d  
(Group X) w i l l  avoid th e  v is u a l  c l i f f  a t  a s ig n i f ic a n t ly  l a t e r  
age th an  c o n tro l lambs (Group C -1 ). The t  s t a t i s t i c  f o r  equal 
v a ria n ce s  was a p p lie d  to  th e se  two groups and ren d e red , w ith  15 
degrees o f freedom , a t -  sco re  o f  2 .3 3 . T his sco re  in d ic a te d  a 
d if fe re n c e  in  th e  means in  th e  p re d ic te d  d i r e c t io n  a t  th e  .025 
le v e l  o f  s ig n i f ic a n t  ( o n e - ta i le d ) .  Thus, hypiothesis th re e  was 
a lso  confirm ed.
When Group X mean hours were conçjared w ith  t h a t  o f  Group 
H (low ered , b u t op tim al s t im u la tio n  l e v e l  c o n d i t io n ) , a t  -  sco re  
o f 2.87 (19 degrees o f  freedom) was o b ta in ed  in d ic a t in g  a d if fe re n c e
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beyond th e  .01 l e v e l  o f  s ig n if ic a n c e  (o n e - ta i le d ) .
S k inner (1968) had in d ic a te d  th a t  th e  extrem ely h igh  mean 
hours which he observed a c ro ss  a l l  o f  h i s  groups may have been due 
to  th e  p h y s io lo g ic a l s t r e s s  r e s u l t in g  from drawing b lood samples 
on h i s  lam bs. This p rocedure  was r e p l ic a te d  w ith  two lambs whose 
d a ta  was n o t used in  th e  above groups. T h ir ty  m inutes a f t e r  th e  
b i r t h  o f  each o f  th e  lam b s ,-5 cc o f  b lood was drawn from th e  
saphenous v e in  o f  th e  h in d  le g .  S ubsequently , a Group X lamb 
achieved th e  c r i t e r io n  avoidance response  on th e  v is u a l  c l i f f  a t  
3.83 hours o f  age; a Group C-1 lamb a t  8.75 h o u rs .
I s o la t io n  C ond itions R esu lts  
A t o t a l  o f 28 lambs were p laced  in  th e  i s o la t io n  co n d itio n s  
fo r  a p e rio d  o f 168 h o u rs . Fourteen  lambs were tak en  from t h e i r  
m others im m ediately a f t e r  b i r t h  (M aternal D ep riv a tio n  C o n d itio n );
14- lambs were taken  from t h e i r  m others a f t e r  th ey  had achieved the  
c r i t e r io n  avoidance response  on th e  v is u a l  c l i f f  (M aternal Sepa­
r a t io n  C o n d itio n ). In  a d d i t io n ,  o n e -h a lf  o f  bo th  groups o f  lambs 
were allow ed f u l l  v is io n  (F u ll V ision Allowed C ondition) and h a l f  
o f  them were denied  p a tte rn e d  v is u a l  experience  (F u ll V ision  Denied 
C o n d itio n ). D e ta iled  re c o rd in g s  were tak en  tw en ty -fo u r hou rs a day 
th roughou t th e  i s o la t io n  p e r io d .
D eaths o f lambs a s  re p o rte d  by P a tte rso n  (1965) were 
observed in  only one c a se . T his lamb was in  th e  M aternal D epriva­
t io n  (F u ll V ision  D en ied ). While th e  p re - te rm in a l p a t te r n  o f  th i s  
anim al was very  s im ila r  to  th a t  o f  i s o la te d  lambs d e sc rib ed  by
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P a tte r s o n , i t s  tw in-m ate who had been allow ed to  s tay  w ith  i t s  
Group C-2 mother a lso  e x p ire d . Both o f  th e se  anim als were f u l l  
te rm , v igo rous lambs a t  b i r t h ;  by 24- hours o f age bo th  anim als 
showed s ig n s  o f  m otor w eakness, le th a rg y , and sucking and r e s p i ­
r a to ry  d i f f i c u l t i e s .  M assaging o f  th e se  anim als was to  no a v a i l ;  
a t  33.25 hou rs o f  age th e  m a te rn a lly  deprived  lamb exp ired  and a t  
28 h o u rs  o f  age th e  lamb m othered by th e  low ered a c t iv i ty  l e v e l  
ewe e x p ire d .
The tw en ty -fo u r hour a day o b serv a tio n  n o te s  tak en  over 
th e  e n t i r e  i s o la t io n  p e rio d  were ev a lu a ted  fo r  b e h av io ra l them es. 
Frequency o f  observed beh av io r were ta b u la te d  in  th e  fo llo w in g  
c a te g o r ie s :  v o ca l b e h av io rs , fe ed in g  b e h av io rs , e x c re to ry  be­
h a v io r s ,  locom otor b e h av io rs . W ithin th e  ca teg o ry  o f locom otor 
b e h a v io rs , g en e ra l neurom uscular c o n d itio n  and th e  a b i l i t y  to  
ad eq u a te ly  am bulate was ta b u la te d  s e p a ra te ly  from th e  s e lf - s t im u -  
l a t i n g  b eh av io rs  observed . Appendices V and VI show th e  d e ta i le d  
break-down o f th e  frequency o f  motor and feed in g  problems and th e  
number o f  lambs dem onstra ting  s e l f - s t im u la t io n  b eh av io rs .
S ev e ra l b eh av io ra l p a t te rn s  emerged as common to  a l l  
i s o la te d  lambs re g a rd le s s  o f  th e  s p e c i f ic  experim en tal c o n d itio n s . 
A ll la n b s , f o r  example, b le a te d  lo u d ly  and in c e s s a n tly  fo r  ap p ro x i­
m ate ly  th e  f i r s t  24 h o u rs . T his b le a t in g  p a t te r n  showed no change 
i f  th e  c a re ta k e rs  moved s i l e n t l y  in  th e  la b o ra to ry ; i f  any n o ise  
was made, th e  frequency and p i tc h  o f th e  b le a t in g  ra is e d  c o n s id e r­
a b ly . A f te r  th e  f i r s t  day, th e  in c e s sa n t b le a t in g  ceased and th e  
an im als were observed to  la y  q u ie t ly  cu rled  up in  a co rn er o f
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t h e i r  cages u n t i l  th e  door o f th e  la b o ra to ry  was opened f o r  th e  
feed in g  procedure . The door-opening seemed to  a c t  as an a c t iv a t io n  
stim u lu s  a s  much b le a t in g  and g en era l body a c t i v i t y  would b eg in . 
D uring th e  feed in g  and m assaging o f th e  back , a l l  anim als re a c te d  
h y p e ra c tiv e ly  to  th e  body c o n ta c t. A fte r  th e  fe e d in g  procedure  th e  
lambs would once again  c u r l  up and appear to  " s leep "  f o r  th e  fo u r 
hours u n t i l  th e  n e / t  feed in g  p e rio d .
Between approxim ately  80 and 100 hours in to  th e  i s o la t io n  
p e r io d , a dram atic  o n se t o f  p o s tfe ed in g  b eh av io r began to  occur in  
100 p e r  cen t o f the  lam bs. As soon as th e  lamb was fe d , i t  would 
beg in  to  engage in  p a t te rn s  o f beh av io r which were la b le d  " s e l f ­
s t im u la t io n ."  These beh av io rs  inc lu d ed : p a c in g , jumping on th e
w ire  cage, le a p in g  s t r a ig h t  up in  th e  m iddle o f th e  cage, tw ir l in g  
o f th e  head , n ib b lin g  o f th e  w ire  cage, chewing o f th e  paper f lo o r ­
in g , pawing o f th e  f lo o r  w ith  th e  f ro n t  le g s ,  and body sp in n in g . 
These b ehav io rs  would l a s t  approxim ately  15 m inutes and then  be 
follow ed by s lee p in g  u n t i l  th e  n ex t feed in g .
Not a l l  th e  s e l f - s t im u la t in g  beh av io rs  began a t  ex ac tly
th e  same tim e and n o t every anim al was observed to  engage in  each
o f th e  k inds o f  beh av io rs  mentioned above. However, each lamb 
dem onstrated  some of th e se  b eh av io rs . Whether o r n o t th e  lamb 
had f u l l  v is u a l  experience  seemed to  make a s l i ^ t  d if fe re n c e  in
th e  k ind  of s e l f - s t im u la t in g  behav io r and th e  tim e o f  i t s  o n se t.
For example, none o f th e  anim als having  f u l l  v is io n  dem onstrated 
p ac in g  b eh av io r, i . e . ,  r e p e t i t iv e  w alking back and fo r th  a long  cage 
s id e s ;  9 ou t o f  IW- o f th e  goggled lambs paced. E i ^ t  goggled
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lambs (c o n tra s te d  to  13 F u ll  V ision  Allowed lam bs) dem onstrated 
th e  jum ping-on-w ire b eh av io r and th e  o n se t tim e f o r  t h i s  b eh av io r 
was 20 hours l a t e r  th an  f o r  ungoggled an im als. Likew ise w ith  th e  — 
chew ing-of-paper b e h a v io r ; 6 ou t o f  IM- o f  th e  goggled lambs demon­
s t r a te d  t h i s  b eh av io r in  c o n tra s t  to  13 o u t o f  IM- F u ll  V ision  
Allowed lam bs. For th e  goggled lambs, t h i s  chewing behav ior d id  
n o t appear u n t i l  some 30 h o u rs  a f t e r  th e  average o nset tim e fo r  
lambs hav ing  f u l l  v is io n .
Twenty o u t o f  th e  28 i s o la t io n  anim als dem onstrated 
neurom uscular c o o rd in a tio n  d i f f i c u l t i e s  s e r io u s  e n o u ^  to  im pair 
locom otion and suck ing  a b i l i t y .  Table 3 shows th e  number o f lambs 
r e la t iv e  to  M aternal D ep riv a tio n  and M aternal S e p a ra tio n  which 
dem onstrated fe e d in g  and m otor problem s. Ten ou t o f  14 lambs 
(71 p e r cen t) o f  each group dem onstrated e i th e r  one o r th e  o th e r  
o f th e se  n e u ro lo g ic a l p roblem s. An id e n t ic a l  number o f  lambs from 
each group, 4 o u t o f  14 (29 p e r  c e n t) ,  had b o th  fe e d in g  and motor 
problem s d u rin g  th e  course  o f th e  i s o la t io n  p e r io d . Thus, when 
one looks a t  b o th  th e  M aternal D epriva tion  group and th e  M aternal 
S ep a ra tio n  group, th e  d if f e r e n c e  in  m othering exp erien ce  seemed 
to  have no e f f e c t  on w hether o r  no t th e re  would be neurom uscular 
c o o rd in a tio n  d i f f i c u l t y  ^  g e n e ra l . However, a dram atic  d if fe re n c e  
seems ap p aren t in  term s o f th e  k ind o f  d i f f i c u l t y  r e l a t i v e  to  th e  
two i s o la t io n  c o n d itio n s :  5 o u t o f  10 M aternal D ep riv a tio n  lambs
w ith  problem s had fe e d in g  problem s, w hereas 10 o u t o f  10 M aternal 
S ep a ra tio n  lambs hav ing  problem s had feed in g  problem s. When com­
p a rin g  th e  two groups f o r  m otor problem s, a r e v e r s a l  i s  seen: 9 out
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TABLE 3
NUMBER OF MATERNAL DEPRIVATION AND MATERNAL SEPARATION 
LAMBS HAVING FEEDING AND MOTOR PROBLEMS
I s o la t io n  C ond ition Problem




M aternal D ep riv a tio n  
(N=14)
5 9 1+ 10
M aternal S e p a ra tio n 10 % 4 10
(N=1H)
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o f 10 o f  th e  M aternal D ep riv a tio n  lambs hav ing  problem s had motor 
problem s, w hereas only M- ou t o f  10 M aternal S ep a ra tio n  lambs w ith  
problem s had motor problem s.
The F ish e r  Exact P ro b a b i l i ty  T es t (S ie g e l, 1956, pp. 96- 
10M-) was u t i l i z e d  in  comparing th e  d if fe re n c e s  in  frequency o f  
feed in g  and m otor problem s between th e  two groups. In  com paring 
th e  frequency o f fe ed in g  problem s, th e  observed D=0 has a two- 
t a i l e d  p r o b a b i l i ty  o f  occurrence  o f  p= .05 . Thus, th e  number o f  
feed in g  problem s fo r  th e  M aternal S e p a ra tio n  group i s  s ig n i f ic a n t ly  
d i f f e r e n t  th an  th a t  fo r  th e  M aternal D ep riv a tio n  group. In  com­
p a rin g  th e  d if fe re n c e  in  th e  frequency o f th e  motor problem s 
between th e  two groups, th e  observed D=1 has a tw o - ta ile d  p rob­
a b i l i t y  o f  occurrence o f p= .10. The number o f  motor problem s i s  
s ig n i f ic a n t ly  d i f f e r e n t  between th e  two g roups, though n o t as 
g re a t.
Table 4- shows th e  i s o la t io n  c o n d itio n  group o f  lambs 
combined as to  F u ll V ision  Allowed and F u ll  V ision  Denied r e l a ­
t iv e  to  feed in g  and motor problem s. Using th e  F is h e r 's  Exact 
P ro b a b il i ty  T e s t, no s ig n i f ic a n t  d if f e r e n c e s  were found between 
groups on th e  Feeding , M otor, Feeding and Motor problem dim ensions. 
E ig h t ou t o f  14 lambs (57 p e r  cen t) hav ing  f u l l  v is io n  allow ed 
experienced  problem s in  g en era l in  c o n tr a s t  to  12 out o f 14 lambs 
(86 p e r cen t) which were denied p a tte rn e d  v is io n .  The two-by-two 
contingency c h i-sq u a re  s t a t i s t i c  u t i l i z i n g  Y a tes ’ c o r re c tio n  
(Walker and Lev, 1953, pp . 103-108) was ap p lied  to  th e  freq u e n c ie s  
observed fo r  a l l  problem s between th e  two groups. The o b ta in ed
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TABLE 4-
NUMBER OF FULL VISION ALLOWED AND FULL VISION DENIED 
LAMBS HAVING FEEDING AND MOTOR PROBLEMS
I s o la t io n  C ondition Problem




F u ll V ision  Allowed 
(N=14)
6 6 4 8




Xy o f  1 .02  (1 degree o f  freedom) i s  n o t s ig n i f ic a n t .  Thus, i t  
seems th a t  th e  d if fe re n c e s  observed r e la t iv e  to  feed in g  and motor 
problems fo r  a l l  i s o la t io n  co n d itio n s  a re  a t t r ib u ta b le  to  th e  e f f e c t s  
o f  th e  q u a li ty  o r  la c k  o f m othering  ex p erien ces  w ith  th e  a v a i l a b i l i ty  
o r la c k  o f  v is u a l  ex p erien ce  n o t c o n tr ib u tin g  s ig n i f ic a n t ly .
In  view o f  th e  s u rv iv a l  o f  27 o f  th e  28 lambs during  th e  
168 hour i s o la t io n  p e r io d , i t  was decided to  p la c e  each lamb on 
th e  v is u a l  c l i f f  ap p ara tu s  im m ediately upon removal from is o la t io n .  
Every fo u r hours t h e r e a f t e r ,  th e  lambs were p laced  on th e  v is u a l 
c l i f f  u n t i l  th e  c r i t e r io n  avoidance response  was dem onstrated o r 
u n t i l  te n  t r i a l s  had been run  w ith  no c r i t e r io n  response  observed.
Between t r i a l s  th e  lambs were k ep t in  a p eer-g roup  pen.
Table 5 shows th e  number o f  lambs which achieved th e  
c r i t e r io n  avoidance response  to  th e  v is u a l  c l i f f  on th e  f i r s t  t r i a l .  
I t  i s  n o tab le  th a t  none o f th e  goggled anim als achieved  th e  avo id ­
ance response on th e  f i r s t  t r i a l ;  5 o f  th e  14 lambs which had been 
allow ed f u l l  v is io n  d u ring  th e  i s o la t io n  p e rio d  achieved th e  avoid­
ance response im m ediately . Using th e  F ish e r  Exact P ro b a b il ity  
T e s t, t h i s  observed d if fe re n c e  (C=0) i s  s ig n i f ic a n t  a t  th e  .05 
le v e l  ( tw o - ta i l e d ) .
Nine o f  th e  t o t a l  group o f  26 lambs f a i l e d  to  achieve 
th e  avoidance response  w ith in  te n  t r i a l s ;  5 o f  th e se  lambs had 
had f u l l  v is io n  allow ed and 4 had had p a tte rn e d  v is io n  den ied . How­
e v e r , th e re  was co n sid e rab ly  more d if fe re n c e  between th e  v is u a l 
co n d itio n  groups r e l a t i v e  to  th o se  18 lambs which e v en tu a lly  did 
ach ieve  th e  c r i t e r io n  avoidance response  w ith in  te n  t r i a l s  (Table 6 ):
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TABLE 5
NUMBER OF LAMBS REACHING THE CRITERION AVOIDANCE RESPONSE 
IMMEDIATELY AFTER ISOLATION VERSUS THOSE NOT 
ACHIEVING CRITERION IN TEN TRIALS




M aternal D ep riv a tio n
F u ll  V ision  Allowed 
(N=7)
3 2
F u ll V ision  Denied 
(N=6)
0 1
M aternal S e p a ra tio n
F u ll  V ision  Allowed 
(N=7)
2 3





MEAN NUMBER OF TRIALS TO THE AVOIDANCE RESPONSE 
AFTER THE ISOLATION EXPERIENCE FOR LAMBS 
REACHING CRITERION IN TEN TRIALS
I s o la t io n  C ondition N Mean T r ia l s
M aternal D ep riv a tio n
F u ll  V is io n  Allowed 5 1 .8
F u ll V ision  Denied 5 4 .2
M aternal S ep a ra tio n
F u ll  V ision  Allowed 4 1 .5
F u ll V ision  Denied 4 4 .5
8t|
fo r  th e  F u ll V ision  Allowed groups, mean t r i a l s  to  th e  c r i t e r io n  
response  o f 1 .8  and 1 .5  were ob ta in ed ; f o r  th e  F u ll  V ision  Denied 
g roups, mean t r i a l s  o f ‘+.2 and 4 .5  were o b ta in e d . The Median 
T est (S ie g e l, 1956, pp . 111-116) was used to  t e s t  th e  d if fe re n c e s  
between median t r i a l s  o f  th e  F u ll  V ision  Allowed and F u ll  V ision  
Denied g roups. Because o f  th e  sm all sam ples, th e  F is h e r ’s Exact 
T es t ta b le s  were used to  f in d  th e  p ro b a b i l i ty  o f  th e  observed 
v a lu es  (S ie g e l, 1956, p . 115 ). An ob ta ined  D=1 in  t e s t in g  th e  
d if fe re n c e  between th e  two v is u a l  co n d itio n s  w ith in  th e  M aternal 
D ep riv a tio n  Group approaches, bu t does n o t reach  s ig n if ic a n c e  a t  
th e  .10 le v e l  ( tw o - ta i l e d ) . When comparing median t r i a l s  between 
th e  two v is u a l  c o n d itio n s  w ith in  th e  M aternal S e p a ra tio n  Group, 
th e  D=0 o b ta ined  i s  s ig n i f ic a n t  a t  th e  .05 l e v e l  ( tw o - ta i l e d ) . 
C onsidering  th e  s e p a ra tio n  and d e p riv a tio n  c o n d itio n s , no s ig n i f ­
ic a n t  d if f e re n c e s  were observed between th e  lambs r e l a t iv e  to  
im m ediately a ch iev in g  th e  c r i t e r io n  avoidance re sp o n se , never 
dem onstra ting  th e  avoidance response , o r in  term s o f th e  mean 
t r i a l s  fo r  th o se  lambs which did  achieve th e  avoidance response 
w ith in  te n  t r i a l s .
T h e re fo re , th e  fo llow ing  g e n e ra liz a tio n s  may be made; 
i t  appears  th a t  d e p riv in g  lambs o f  a m othering re la t io n s h ip  a f f e c t s  
th e  developm ent o f  v is u a l  depth p e rc e p tio n , and s e p a ra tin g  lambs 
from a m othering re la t io n s h ip  a f f e c t s  th e  i n f a n t ’s a b i l i t y  to  
r e t a in  depth  p e rc e p tio n  once i t  has been p re v io u s ly  dem onstrated 
on th e  v is u a l  c l i f f .  A d d itio n a lly , i t  seems th a t  v is u a l  experience  
du ring  i s o la t io n  i s  a c o n tr ib u tin g  f a c to r  in  how lo n g  i t  ta k e s  fo r
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depth  p e rc e p tio n  to  develop o r to  be reg a in ed  a f t e r  th e  i s o la t io n  
ex p erien ce  has te rm in a te d .
CHAPTER V 
DISCUSSION
The p a s t  re se a rc h  w ith  sheep concern ing  th e  e f f e c t s  o f 
va ry in g  m other-neonate  c o n d itio n s  upon v is u a l  dep th  p e rc e p tio n  
(P a tte rso n , 1965; L i t t l e ,  1966; Baumgold, 1967) has supported  th e  
g en era l th eo ry  th a t  any a l t e r a t io n s  in  th e  in te r a c t iv e  response  
a b i l i t y  o f  e i th e r  ewe o r lamb w i l l  a f f e c t  th e  le n g th  o f tim e fo r  
depth p e rc e p tio n  to  develop . In  th e  p re se n t s tu d y , an a c t iv a t io n  
le v e l  and op tim al s t im u la t io n  l e v e l  h y p o th e s is  s im ila r  to  th a t  
proposed by B u tle r  and Rice (1963) was u t i l i z e d  to  ex p la in  th e  
r e s u l t s  o f p a s t  sheep re s e a rc h . A d d it io n a lly , th e  p re se n t study 
proposed two m ajor hy p o th eses  to  t e s t  th e  a c t iv a t io n  le v e l  and 
op tim al s tim u la tio n  le v e l  p ro p o sa ls . Both hypotheses were sup­
p o rte d .
A th i r d  m ajor h y p o th e s is  was proposed concern ing  th e  
f in d in g s  o f th e  p a s t  sheep re se a rc h  o f  S k inner (1968) in  which he 
found in o rd in a te ly  g r e a te r  tim e la p s e s  b e fo re  c r i t e r io n  perform ­
ance a c ro ss  a l l  groups o f lam bs. The h y p o th e s is  t h a t  S k in n e r’s 
f in d in g s  were in  p a r t  r e la te d  to  th e  p re n a ta l  fe ed in g  of a ro n n e l- 
based verm ifuge was a ls o  su p p o rted .
An e x p lo ra to ry  study  w ith  i s o la te d  lambs was c a r r ie d  
ou t as  a p a r t  o f t h i s  y e a r ’s s tu d y  to  add f u r th e r  knowledge to
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th e  o b se rv a tio n s  o f  P a tte rso n  (1965) concern ing  th e  ra p id  onset 
o f  death  in  unmothered lam bs. I s o la t io n  co n d itio n s  were e s ta b lis h e d  
in  o rd e r to  exp lo re  f u r th e r  th e  r o le  o f  v is u a l  ex p erience  as w e ll 
as to  c l a r i f y  th e  concepts o f m ate rn a l s e p a ra tio n  and m aternal 
d e p r iv a tio n .
A c tiv a tio n  Level and Optimal S tim u la tio n  Level 
The a c t iv a t io n  le v e l  fo rm u la tio n  proposed t h a t  th e  d ev e l­
opmental p ro cess  o f  depth  p e rc e p tio n  in  th e  neonate  lamb i s  d i r e c t ly  
r e la te d  to  th e  optim al s t im u la tio n  le v e l  in  th e  t o t a l  m other- 
neonate r e la t io n s h ip .  This op tim al s t im u la tio n  le v e l  i s  a balance  
o f  an i n t r i n s i c ,  ch ro n ic  a c t iv a t io n  le v e l  o f  th e  lamb and th e  
e x t r in s i c ,  t r a n s ie n t  a cu te  a c t iv a t io n  le v e l  which i s  p r im a r i ly  
c o n tr ib u te d  to  by th e  a c t iv e  s tim u lu s  o b je c t :  m other. The f i r s t
h y p o th esis  proposed th a t  i f  t h i s  op tim al s t im u la tio n  le v e l  was 
a l te r e d  through low ering  th e  a c t iv a t io n  le v e l  o f th e  m other, th e  
lamb w i l l  avoid a v is u a l  c l i f f  l a t e r  th an  c o n tro l  lambs ex p erien ce - 
ing  an optim al s tim u la tio n  le v e l  r e la t io n s h ip .  On th e  o th e r  hand, 
i f  th e  s tim u la tio n  le v e l  i s  low ered in  th e  r e la t io n s h ip ,  b u t i s  
done so comparably fo r  both  m other and lamb, th e  s t im u la tio n  le v e l  
should remain op tim al. Thus, th e  second h y p o th esis  proposed th a t  
lambs in  a low ered , b u t op tim al s t im u la tio n  le v e l  r e la t io n s h ip  
would n o t d i f f e r  s ig n i f ic a n t ly  from lambs in  a "normal" m other- 
neonate  r e la t io n s h ip .  Both hypo theses were su p p o rted , th e reb y  
le n d in g  s tro n g e r  su p p o rt to  th e  a c t iv a t io n  le v e l  and op tim al stim u­
la t io n  le v e l  ex p lan a tio n s  as th e  c o n d itio n s  c o n tr ib u tin g  to  th e
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development o f v is u a l  dep th  p e rc e p tio n .
In  e v a lu a tin g  th e  r e s u l t s  o f  t h i s  s tu d y , th e  q u estio n  
can be asked as to  how much confidence  can be p laced  i n  th e  
s ta tem en t th a t  th e  a c t i v i t y  l e v e l s  o f  th e  ewes in  Group C-2 and 
th e  m other-neonate p a i r s  in  Group H were indeed low ered .
As re p o rte d  in  C hapter I I I ,  d e ta i le d  o b se rv a tio n s  o f 
th e  p re n a ta l ly  t r a n q u i l iz e d  group o f ewes (Group H) c o n s is te n t ly  
dem onstrated reduced a c t i v i t y  le v e l s  d u rin g  th e  te n  week perio d  
p r io r  to  d e liv e ry . In  a d d i t io n ,  a sm all group o f  ewes from each 
of th e  a c t iv a t io n  le v e l  groups was randomly s e le c te d  to  observe 
in  d e ta i l  du ring  th e  e a r ly  postpartum  h o u rs . P re lim in ary  work on 
th e se  data  by Bogan (1968) a re  n o t only  in te r e s t in g  from the  
s tan d p o in t o f new knowledge about m other-neonate in te r a c t io n ,  b u t 
lend  co n sid e rab le  sup p o rt to  th e  a c t iv a t io n  le v e l  and optim al 
s tim u la tio n  le v e l  h y p o th e s is . Bogan (1968) developed a taxonomy 
o f ewe-lamb in te r a c t io n  b eh av io rs  which can be d iv ided  in to  th e  
g en era l c a te g o r ie s  o f V ocal, M anipu lato ry , O ra l, Locomotor.
Bogan used (p e rso n al communication) th e  fo llo w in g  k in d s  o f c a te ­
go rized  b eh av io rs : M anipulatory  b eh av io r o f th e  ewe invo lved
such a c t iv e  beh av io rs  as push ing  th e  lamb w ith  h e r  n o se , or pawing 
a t  th e  lamb w ith  h e r  fo re le g s ;  fo r  th e  lamb th e se  b eh av io rs  in ­
cluded "punching" o f  th e  ewe in d is c r im in a te ly  w ith  i t s  head, pawing 
a t  th e  ewe, o r c raw lin g  up on th e  r e s t in g  ewe. O ral b eh av io rs  
c o n s is te d  o f th e  l ic k in g  and n u z z lin g  o f  th e  ewe, and f o r  th e  lamb 
th e se  beh av io rs  were n u z z lin g , mouthing movements on wool ta g s  o f 
th e  ewe, o r a c tu a l  n u rs in g . Locomotor beh av io rs  fo r  b o th  th e  ewe
89
and th e  lamb involved  th e  p ro cess  o f  w alk ing  tow ards each o th e r and 
making p h y s ic a l c o n ta c t, o r th e  movement from s tan d in g  to  c i r c l in g  
o f each o th e r  as body c o n ta c t i s  m ain ta in ed . For th e  purposes o f  
t h i s  p re s e n ta t io n ,  th e  ca teg o ry  o f  Vocal B ehavior was n o t u t i l i z e d .
In  dem onstrating  th e  observab le  b e h av io ra l a c t i v i ty  le v e ls  
o f  th e  ewes and t h e i r  lambs f o r  th e  f i r s t  two n eo n a ta l hours a f t e r  
th ey  were re tu rn e d  to  t h e i r  re s p e c tiv e  m others, Bogan (1968) 
ta b u la te d  and c a te g o riz e d  th e  freq u e n c ie s  o f b eh av io rs  observed; 
th e  mean number o f  b e h av io ra l elem ents o f  each group o f ewes and 
lambs were c a lc u la te d . Recognizing th a t  M anipulatory  B ehaviors a re  
n o t d i r e c t ly  e q u iv a len t to  O ral B ehaviors o r  to  Locomotor Be­
h a v io rs , th e  b e h a v io ra l e lem ents were viewed as " b i t s "  o f  a c t i v i ty  
having  c o n ta c t- s t im u la t io n  v a lu e . F ig u res  1 , 2 and 3 show the 
le v e ls  o f  th e  observab le  b e h a v io ra l a c t i v i t y  fo r  th e  ewes and lambs 
o f th e  th re e  groups compared: Group C-1 (c o n tro l;  "normal" optim al
s tim u la tio n  l e v e l ) , Group C-2 ( a c t iv i ty  l e v e l  o f  th e  ewe only 
lo w ered ). Group H (low ered, b u t op tim al s tim u la tio n  l e v e l ) .  Appendix 
VII shows th e  breakdown o f th e  mean number o f  b eh av io ra l elem ents 
p e r  th ir ty -m in u te  in te r v a l  f o r  a l l  groups o f ewes and lam bs.
Bogan's da ta  r e f l e c t s  what was g e n e ra lly  observab le  be­
tween th e  th re e  groups d u rin g  th e  course  o f th e  study and adds 
f u r th e r  su p p o rt to  what th e  a c t iv a t io n  le v e l  h y p o th esis  would p re ­
d ic t .  For example, d ram atic  examples o f  s tim u la tio n  seek ing  were 
seen in  th e  Group C-2 lam bs, and a re  r e f le c te d  in  F igure  2 during  
th e  60-90 m inute i n t e r v a l .  I t  was a t  t h i s  tim e th a t  th e  a c t i v i ty  
o f  th e  lambs became h e igh tened  and th ey  were observed to  "punch"
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th e  m other v ig o ro u s ly  w hether she were s tan d in g  o r calm ly ly in g  
down; f u r th e r ,  as i f  th e  lambs were b e n t on fo rc in g  th e  p a ss iv e  
mother to  r e a c t ,  i t  would paw th e  m other and would w alk on top  o f 
h e r .  Follow ing t h i s  p e r io d , as F igure  2 a ls o  shows, th e  C-2 lambs 
would behave a s  i f  they  "gave up try in g "  and would be observed to  
b eg in  to  r e s t  q u ie t ly  n e a r  th e  m other o r  r e t i r e  to  a co rn e r o f  th e  
pen some 4 to  5 f e e t  away.
A ll  u n d e liv e red  ewes had to  be penned away from th e
ex p erim en ta l, n e o n a ta l p en s, as in  two c ase s  in  th e  b eg inn ing  o f
th e  s tu d y , a cu rio u s  ewe s tan d in g  by th e  w ire  g a te  became an
in te r a c t iv e  s tim u lu s  source fo r  a C-2 lamb who a ttem p ted  to
" r e la t e "  w ith  h e r .  Both o f  th e se  s i tu a t io n s  occurred  d u rin g  th e
tim e o f th e  lambs^ h e igh tened  a c t i v i t y  w ith  t h e i r  own p a ss iv e
m other. In  g e n e ra l , th e  o b se rv a tio n a l p ic tu r e  o f  th e  surge o f
a c t i v i t y  fo llow ed by th e  q u ie t ,  s le e p in g  b eh av io r d ra m a tic a lly
f i t s  w ith  th e  p re d ic t io n s  o f B u tle r  and Rice (1963) from th e
a c t iv a t io n  l e v e l  h y p o th e s is :
When s t im u li  from th e  e x te rn a l  environm ent a re  m ild , 
th e  acu te  le v e l  o f  a c t iv a t io n  ten d s  to  be below th e  
ch ro n ic  l e v e l ;  approach b eh av io r en su es , and an e f f o r t  
w i l l  be made to  produce a new o r changed environm ent.
I f  t h i s  i s  u n su c c e ss fu l, th e  ch ro n ic  l e v e l  w i l l  change 
and th e  anim al becom es,_descr^ip tively  sp eak in g , bored 
and f i n a l l y  a p a th e t ic  / p .  9 V .
F u r th e r  b e h a v io ra l o b se rv a tio n s  o f  th e  Group C-2 lambs 
beyond two and o n e -h a lf  hours o f  age (which a re  n o t r e f le c te d  in  
Bogan’s d a ta )  dem onstrated  th e se  lambs to  have sp en t much tim e 
s le e p in g  in  a c o rn e r between t h e i r  b o t t l e  fe e d in g  and t r i a l s  on 
th e  v is u a l  c l i f f  every fo u r  h o u rs . When they  were p icked  up and
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c a r r ie d  to  th e  v is u a l  c l i f f  a p p a ra tu s , they  were m arkedly hyper­
a c tiv e  and o f te n  d i f f i c u l t  to  h o ld . A t no tim e d id  th ey  b le a t  
w hile  be in g  c a r r ie d .  T his b eh av io r was in  marked c o n tr a s t  to  th e  
lambs o f  b o th  th e  C ontro l Group and Group H lambs which showed 
i n i t i a l  f e a r  a t  b e in g  sep a ra te d  and f re q u e n tly  b le a te d  as they 
were be ing  c a r r ie d  away. W hile th e  Group C-2 lambs d id  n o t b le a t  
when c a r r ie d  away, t h e i r  m others b le a te d  s im ila r ly  in  t h e i r  absence 
as d id  th e  ewes o f  th e  o th e r  two groups. When re tu rn in g  th e  Group 
C-2 lambs to  t h e i r  m others a f t e r  t e s t  t r i a l s ,  each ewe im m ediately 
approached i t s  lamb and b r i e f l y  l ic k e d  i t ,  only  to  le a v e  p a ss iv e ly  
in  a m a tte r  o f  seconds. Ewes o f th e  o th e r  two groups would spend 
c o n s id e ra b le  tim e a f t e r  r e tu rn  o f t h e i r  lambs in  n u z z lin g , l i c k ­
in g  and f re q u e n tly  im m ediately i n i t i a t i n g  o r a llo w in g  n u rs in g .
The h y p e ra c t iv i ty  observed when th e  Group C-2 anim als 
were handled  d id  n o t d im in ish  over tim e; a ls o ,  as each anim al 
became o ld e r ,  e . g . ,  24-36 h o u rs , t h e i r  beh av io r in  th e  v is u a l  
c l i f f  ap p ara tu s  became in c re a s in g ly  h y p e ra c tiv e . Whereas th e  
C ontro l Group and Group H lambs showed a ty p ic a l  p a t te r n  on th e  
v is u a l  c l i f f  o f  in c re a s in g ly  ta k in g  th e  ap p aren t drop in to  v is u a l 
account and becoming more cau tio u s  and f e a r f u l  (dem onstrated  by 
f e a r - b le a t in g  and b a c k -p e d a ll in g ) , th e  Group C-2 lambs became 
in c re a s in g ly  more h y p e ra c tiv e  and d iso rg an ized  in  t h e i r  locom otor 
p a t te r n s .  The recorded  o b se rv a tio n s  o f  t r i a l  b eh av io rs  o f  th e se  
Group C-2 lambs showed th a t  a lamb would f re q u e n tly  tu rn  around 
ra p id ly  w ith o u t ever low ering  i t s  head and would walk im m ediately
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out onto  th e  ap p aren t drop. However, a f u r th e r  p a t te r n  began to  
emerge; fo llo w in g  th e  p e rio d  o f  h e ig h ten ed  h y p e ra c t iv i ty  in  th e  
a p p a ra tu s , a g rad u a l change over t r i a l s  seemed to  ap p ear. F i r s t ,  
a C-2 lamb would be observed to  b eg in  to  v is u a l iz e  in  th e  v e r t i c a l  
p lane  and s tep  back s h a rp ly , only to  seem ingly be p ro p e lle d  f o r ­
ward over th e  drop by th e  h y p e ra c tiv e  m otor movements. G radually  
over t r i a l s ,  th e  h y p e ra c t iv i ty  would seem to  drop o u t, as  th e  
f e a r - l ik e  resp o n ses  became more dom inent. G en era lly , th e  t r i a l  
b e fo re  a C-2 lamb f in a l ly  dem onstrated  th e  c la s s ic  avoidance 
response seen e a r l i e r  in  th e  o th e r  two g roups, a low , g u t te r a l  
f e a r - b le a t  would beg in  when th e  lamb f i r s t  dropped i t s  head and 
seemed to  be ta k in g  th e  v is u a l  schema in to  accoun t. W hile th e  
h y p e ra c t iv i ty  o f  th e  Group C-2 lambs e v en tu a lly  d im in ished  in  
th e  v is u a l  c l i f f  ap p ara tu s  and they  d id  e v e n tu a lly  reach  the  
c r i t e r io n  re sp o n se , th e  h y p e ra c tiv i ty  when handled continued  
th roughou t. T his h y p e ra c t iv i ty  was very  s im ila r  to  th e  hyper­
a c t i v i ty  observed in  a l l  o f th e  i s o la t io n  co n d itio n  an im als.
A f u r th e r  no te  re g a rd in g  th e  Group C-2 lambs and m others 
would seem to  have im p lic a tio n s  fo r  any f u r th e r  study  o f a t ta c h ­
ment behav io r in  sheep . While th e  low ered a c t iv a t io n  le v e l  in  
th e  m other-neonate r e la t io n s h ip  indeed a f fe c te d  th e  o n se t o f v is u a l  
depth p e rc e p tio n , i t  a lso  a f fe c te d  th e  m other-neonate  a ttachm ent 
which i s  u s u a lly  q u ite  s te re o ty p e d . However, th e  la c k  o f  fo llow ing  
behav io rs  and fe a r fu ln e s s  was observed only  during  th e  tim e o f  th e  
low ered a c t iv a t io n  l e v e l ;  a f t e r  th e  Group C-2 lambs achieved th e  
c r i t e r io n  avoidance response ( in  S ou t o f  11 lambs ta k in g  2% to  3
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d a y s), th e  drug ad m in is te red  to  th e  m others was d isco n tin u ed - W ith­
in  8 hours a f t e r  th e  l a s t  dose o f  d rug , th e  m others became in c re a s ­
in g ly  a c t iv e  and a seem ingly ty p ic a l ,  re c ip ro c a l  m other-neonate 
r e la t io n s h ip  became e s ta b lis h e d . None o f  th e  Group C-2 ewes r e ­
je c te d  t h e i r  lambs a f t e r  th e  experim en tal p ro ced u re . L ikew ise, 
no d i f f i c u l ty  in  l a c t a t i o n  occurred  as  a consequence o f  th e  ewes 
be in g  hand-m ilked o r under th e  in f lu e n c e  o f  th e  t r a n q u i l i z e r .
Keeping th e  Group C-2 m other and lamb p a i r s  penned to g e th e r  u n t i l  
they  had e s ta b lis h e d  a ttachm ent seem ingly c o n tr ib u te d  to  th e  ease 
w ith  which th e  a ttachm en t o ccu rred . This phenomenon i s  s im ila r  to  
th a t  r e la te d  by H ersher, Richmond, and Moore (1963) in  t h e i r  study  
o f  m o d if ia b i l i ty  o f  th e  c r i t i c a l  p e rio d  f o r  th e  development o f 
m aternal behav io r in  c r o s s - f o s te r in g  experim ents between sheep and 
g o a ts . By p re v e n tin g  m aternal i s o la t io n  (b u tt in g  away o th e r young) 
and en fo rc in g  c o n ta c t between m others and c ro s s -s p e c ie s  young, 
ev en tu a l development o f m ate rn a l ca re  b eh av io r was observed.
The d ram atic  b e h av io ra l changes observed in  th e  Group 
C-2 m other-neonate in te r a c t io n  were n o t observed s im ila r ly  in  th e  
p re -  and p o s tn a ta l ly  t r a n q u i l iz e d  Group H m o th e r- in fa n t p a ir s  and 
from th e  v is u a l  c l i f f  da ta  and Bogan's d a ta , a low ered , b u t op­
tim a l s tim u la tio n  l e v e l  i s  in f e r r e d .
A somewhat d i f f e r e n t  la b o r  p a t te r n  was observed in  the  
Group H ewes, however. The group was observed to  behave c o n s is t ­
e n tly  l e s s  a c t iv e ly  th roughou t th e  ten-w eek p re n a ta l  p e rio d  during  
which th ey  were in je c te d  w ith  t r a n q u i l i z e r :  s tan d in g  q u ie tly  away
from th e  f lo c k  w ith  heads s l i g h t ly  low ered and e a rs  drooped. At
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th e  o n se t o f  la b o r ,  th e  u su a l r e s t le s s n e s s  and pawing o f a d i r t  
n e s t  away from th e  f lo c k  was observed. D uring th e  l a s t  s tag e s  
o f  la b o r  however, when th e  ewe u su a lly  becomes extrem ely  r e s t l e s s  
and f re q u e n tly  g e ts  up and down from a ly in g  p o s i t io n ,  th e  Group 
H ewes were more calm . Between c o n tra c tio n s , w hereas ewes u su a lly  
a r i s e  and c i r c l e ,  e m itt in g  low b le a t s ,  th e  Group H anim als remained 
ly in g  down. Im m ediately upon b i r t h  o f t h e i r  lam bs, however, t h e i r  
a c t i v i t y  sh a rp ly  in c re a se d  and th ey  dem onstrated th e  ty p ic a l  in te n se  
p reo ccu p a tio n  w ith  th e  newborn, and em itted  th e  u su a l s t r e s s  b le a t  
when th e  lamb was tak en  to  th e  la b o ra to ry . Bogan’s d a ta  in  F igures 
1 and 3 seem to  u n d ersco re  t h i s  sharp r i s e ,  a r i s e  in  a c t i v i t y  
which i s  h ig h e r  th an  th a t  o f th e  c o n tro l group o f ewes. That t h i s  
i n i t i a l  sharp  change in  a c t i v i ty  le v e l  from p re n a ta l  le v e l s  occurred  
im m ediately a f t e r  d e liv e ry  and f o r  th e  f i r s t  30 m inutes a f t e r  th e  
lamb re tu rn e d , may have been due to  th e  in te n se  s tim u la tio n  o f th e  
p a r tu r i t io n  even ts  on th e  Group H ewes' low ered i n t r i n s i c  ch ron ic  
a c t iv a t io n  l e v e l .  T h is may n o t be too  u n lik e  th e  o b se rv a tio n s  made 
d u ring  th e  p i l o t  drug study  work when a very  sh a rp , loud  n o ise  in  
th e  environm ent would cause a drugged anim al to  s t a r t l e  more th an  
a non-drugged anim al.
I t  i s  i n t e r e s t in g  to  n o te , however, th a t  a l l  th re e  groups 
o f ewes and lambs dem onstrated h i ^ e r  observab le  b e h av io ra l a c t i v i ty  
le v e l s  w ith in  th e  f i r s t  30 m inutes th a t  th e  m other and neonate 
were to g e th e r .  Of p a r t i c u l a r  i n t e r e s t ,  i s  th e  very  s im ila r  a c t i v i ty  
le v e l s  dem onstrated  by th e  C ontrol Group ewes and th e  Group C-2
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ewes during  t h i s  i n i t i a l  p e rio d  (F igure  3 ) . Y et, th e re  were wide 
d if fe re n c e s  between th e  mean ages a t  which t h e i r  re s p e c tiv e  lambs 
achieved th e  c r i t e r io n  avoidance response on th e  v is u a l  c l i f f .  I t  
would seem th e re fo re ,  t h a t  w hile  op tim al s t im u la tio n  le v e ls  a re  
re q u ire d  f o r  th e  development o f th e  v is u a l  dep th  p e rc e p tio n , th e  
amount o f s tim u la tio n  o ccu rrin g  w ith in  th e  f i r s t  hour o f  l i f e  i s  
n o t " c r i t i c a l . ” B ogan's ta b u la t io n s  suggest th a t  i f  op tim al stim u­
l a t i o n  le v e l s  were a n e c e s s i ty  d u rin g  th e  f i r s t  hour o f l i f e ,  
(o n e -h a lf  hour th e  lamb was in  th e  la b o ra to ry  b e in g  c leaned ; one- 
h a l f  hour in  th e  i n i t i a l  in te r a c t io n  w ith  th e  m o th e r), th en  a l l  
groups o f lambs would ach ieve  th e  avoidance response  approxim ately  
th e  same tim e; th ey  did  n o t. F igure  2 su g g ests  th a t  what c r i t i c ­
a l l y  occurs in  th e  re la t io n s h ip  r e l a t i v e  to  op tim al s tim u la tio n  
le v e l  and v is u a l  depth  p e rc e p tio n  may w e ll be beg inn ing  w ith  the  
tim e p e rio d  o f 1% to  2 hou rs  a f t e r  b i r t h  when th e  neonate i s  f u l ly  
ab le  to  am bulate and re c ip ro c a te  in  th e  s tim u lu s  s i tu a t io n .
One can only sp ec u la te  as to  th e  p a t te r n  o f  th e  a c t i v i ty  
le v e l s  a f t e r  th e  tw o-hour p e rio d  observed by Bogan. While a l l  
th re e  groups o f m other-neonate p a i r s  show a p ro g re ss iv e  d rop , i t  
i s  l ik e ly  th a t  i f  th e  da ta  had been c a r r ie d  f u r th e r ,  one might 
see th e  p a t te r n  f o r  th e  C ontro l Group and Group H s t a b i l i z e .  How­
e v e r , from th e  g en era l o b se rv a tio n s  made th r o u ^ o u t  th e  many hours 
b e fo re  the  C-2 lambs achieved  th e  c r i t e r io n  re sp o n se , i t  i s  p re ­
d ic te d  th a t  s u b s ta n t ia l  drops in  a c t i v i t y  ( e .g . ,  to  zero) could 
have been dem onstrated .
9 9  - -
In fe re n c es  from I s o la t io n  C ond itions Data 
L i t t l e  data  was gained from t h i s  s tu d y  w ith  lambs to  add 
c l a r i f i c a t i o n  to  th e  p o s s ib le  d i f f e r e n t i a l  e f f e c t s  o f  m aternal 
s e p a ra tio n  and m aternal d e p r iv a tio n  as suggested  by Yarrow (1966) 
in  th e  study o f human in f a n ts .  However, a f a i r l y  v iv id  p ic tu re  
was ob ta in ed  as to  what happens when lam bs, w ith in  th e  f i r s t  te n  
days o f  l i f e ,  a re  i s o la te d  fo r  a week, re g a rd le s s  o f a p rev ious 
m othering r e la t io n s h ip .  Three g en e ra l b e h a v io ra l e f f e c t s  can be 
d e sc rib ed : (1) the  e f f e c t s  on th e  neonate  a t  th e  tim e o f  be ing
is o la te d ,  (2) th e  course  o f th e  e f f e c t  on th e  neonate  as th e  
i s o la t io n  p e r s i s te d ,  and (3) th e  e f f e c t  on th e  subsequent d e v e l­
opment o f th e  in fa n t .
At th e  tim e th e  lambs were p laced  in  i s o la t io n ,  th e re  
was in c e s s a n t v o c a liz a t io n  in  th e  form o f  s h r i l l  b le a t in g .  A fte r  
tw en ty -fo u r hou rs the  b le a t in g  b eh av io r dropped ou t excep t a t  
feed in g  tim es and was re p la c e d  by s le e p in g  in  a cu rled -u p  p o s i t io n .  
Some 36 to  76 hours l a t e r ,  evidence o f  s e l f - s t im u la t in g  behav io r 
began fo r  a f if te e n -m in u te  p e rio d  fo llo w in g  fe e d in g . This observed 
p a t te rn  o f  v o c a liz a t io n  follow ed by p a s s iv i ty  i s  exceedingly  c lo se  
to  what Kaufman and Rosenblum (1967) found in  t h e i r  m aternal 
s e p a ra tio n  study  w ith  Macaca nem estrina  monkey in f a n ts :  .
The immediate r e a c t io n  to  p h y s ic a l s e p a ra tio n  o f 
m other and in f a n t .  . . c o n s is te d  o f loud screams by b o th , 
and m assive s t ru g g lin g  to  re g a in  each o th e r .  When th e  
in f a n t  was rep laced  in  th e  pen he was h ig h ly  a g i ta te d .
P acing , sea rch in g  head movements, f re q u e n t t r i p s  to  the  
f r o n t  door and windows, sp o rad ic  and s h o r t - l iv e d  b u rs ts  
o f  e r r a t i c  p la y . . . seemed c o n s ta n t. Cooing, th e  r a th e r  
p la in t iv e  d i s t r e s s  c a l l  o f  th e  young macaque, and i n t e r ­
m it te n t  sc reech in g  were f re q u e n t. T h is r e a c t io n  p e r s is te d
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th roughou t th e  f i r s t  day , du rin g  which tim e th e  in f a n t  
d id  n o t s le e p . A ll o b se rv e rs  were s tru c k  by a sense  
o f  in te n s e  a cu te  d i s t r e s s .
A f te r  2M--36 hours th e  p a t te r n  changed s t r ik in g ly  
in  3 o f  th e  4- in f a n ts ,  B, C, and D. The in f a n t  s a t  
hunched o v e r, a lm ost r o l l e d  in to  a b a l l  w ith  h i s  head 
o f te n  down betw een h i s  l e g s .  . . . Movement v i r t u a l ly  
ceased excep t when th e  in f a n t  was a c t iv e ly  d isp la ce d  
/ p p .  554-655/.
Kaufman and Rosenblum (1967) proposed s e v e ra l  th e o r e t ic a l  
ex p lan a tio n s  in  r e l a t io n  to  t h e i r  o b se rv a tio n s . They d iscu ssed  
th e  s ta g e s  o f  d i s t r e s s  and apathy  from th e  v iew -p o in t o f  ad ap tiv e  
s ig n if ic a n c e .  For example, th e  d i s t r e s s  c a l l s  o f th e  macaque 
(s im ila r  to  th e  d i s t r e s s  b le a t in g  o f  th e  lamb) would s u re ly  have 
th e  e f f e c t ,  in  th e  w ild , o f b r in g in g  th e  m other back , were she a b le . 
However, th e  in c re a se d  movement and v o c a l iz a t io n  e v e n tu a lly  in c re a se  
th e  r i s k  o f  provoking ag g re ss io n  from p re d a to r s ,  and seco n d ly , the  
heigh tened  a c t i v i t y  i s  ex h au s tin g . Thus, th e  second s ta g e  observed 
(apathy) h a s  s u rv iv a l v a lue  a ls o .
Kaufman and Rosenblum f e l t  th a t  th e  apathy b eh av io r 
could n o t be r a t io n a l iz e d  as d e p le t io n  o f energy o r m assive fa t ig u e  
e n t i r e ly ,  as they  observed t h e i r  monkeys (as observed w ith  th e  lambs) 
to  move q u ite  r a p id ly  in  c ircu m stan ces  when food was p u t in to  t h e i r  
pens. R a th e r, they  f e l t  t h a t  th e  c u rle d -u p , a lm ost com plete f le x io n  
o f th e  body a c ts  in  th e  n a tu ra l  s e t t in g  a s  a way fo r  th e  anim al to  
cu t down h e a t  lo s s  and l i t e r a l l y  makes th e  in f a n t  sm a lle r  so th a t  
he p re s e n ts  l e s s  o f  a v is u a l  s tim u lu s  to  o th e r  an im als. In c o rp o ra ­
t in g  th e  n e u ro b io lo g ic a l  c o n s id e ra tio n s  o f  Engel (1962), Pribram  
(1968), and S c h n e irla  (1959) w ith  t h e i r  s u rv iv a l  c o n s id e ra tio n s .
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Kaufman and Rosenblum (1957) summarized t h e i r  p o s i t io n  which seems 
to  have a p p l i c a b i l i ty  to  th e  f in d in g s  o f  th e  p re s e n t  s tudy  and 
r e l a t i v i t y  to  th e  a c t iv a t io n  l e v e l  h y p o th e s is :
In  sum, we propose t h a t  a t  an u n d if f e r e n t ia te d  le v e l  
th e  removal o f  th e  m other’s b io ta x ic  s t im u li  f i r s t  p ro ­
duces in  th e  in f a n t  a f a c i l i t a t e d  d i s t r e s s  r e a c t io n .  . . .
We presume th a t  i t  i s  accompanied by an u n d if f e r e n t ia te d  
u n p le a sa n t a f f e c t  o f  apprehension  (th e  p re c u rso r  o f  
an x ie ty ) based on u n c e r ta in  in c o n g ru ity . I f  com fort- 
producing  s t im u li  do n o t m a te r ia l iz e ,  d i s t r e s s  p e r s i s t s ,  
b u t t h r o u ^  i t s  c a ta b o lic  e f f e c t s  su p p ress io n  o c cu rs .
. . .  We presume th a t  i t  i s  accompanied by an u n d if f e r ­
e n tia te d  u n p le a sa n t a f f e c t  o f  pessim ism  (th e  p re c u rso r  
o f  d ep ression ) based on unmanageable sensory  in c o n g ru ity .
This co n se rv a tiv e  r e a c t io n  p re se rv e s  th e  organism ’s 
in te g r i ty  u n t i l  com fort-p roducing  s t im u li  may a r i s e .  I t  
i s  suggested  th a t  b o th  s ta g e s  o f  th e  d i s t r e s s  r e a c t io n  
a re  m ediated by n e u ra l mechanisms in te g ra te d  a t  mijdbrain, 
d ie n ce p h a lic  and p a le o c o r t ic a l  l e v e l s  ^ p .  670-67V .
Kaufman and Rosenblum d id  n o t d isc u ss  in  th e o r e t ic a l  term s th e  s e l f ­
s t im u la tio n  b eh av io rs  they  observed . However, i t  would seem th a t  
th e se  b eh av io rs  in  th e  monkeys (as w ith  th e  lambs) m ight be i n t e r ­
p re te d  as  the  way in  which th e  anim al a ttem p ts  to  b r in g  ’’com fort- 
p roducing  s t im u li” in to  h is  environm ent. Or w ith in  th e  framework 
o f  th e  a c t iv a t io n  le v e l  h y p o th e s is , th e se  beh av io rs  a re  th e  
an im al’s mode o f  a ttem p tin g  to  b r in g  f o r th  h ig h e r le v e l s  o f  acu te  
a c t iv a t io n  in  response  to  i t s  dangerously  low i n t r i n s i c ,  ch ro n ic  
a c t iv a t io n  le v e l .  As d iscu ssed  p re v io u s ly , s im ila r  a ttem p ts  were 
made to  in c re a se  s t im u la tio n  by th e  Group C-2 lam bs.
The in c id en ce  o f  20 o u t o f  28 o f  th e  is o la te d  lambs having  
se r io u s  enough n e u ro lo g ic a l d i f f i c u l t i e s  to  im pair locom otion and 
n u rs in g  fu r th e r  a t t e s t s  to  th e  in f lu e n c e  o f  m othering and th e  con­
com itan t s t im u la tio n  upon b a s ic  s u rv iv a l .  The o b serv a tio n  n o tes
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c le a r ly  in d ic a te  th a t  du ring  and fo llo w in g  th e  m assaging o f th e  
backs o f th e  lambs during  th e  fe e d in g  p e r io d , m uscle to n u s , motor 
c o o rd in a tio n , and th e  suck ing  r e f le x  seemed to  g ra d u a lly  improve. 
Had th e  v a r ia b le  o f  massage n o t been in tro d u ced  and had th e  lambs 
been fed  t h r o u ^  an a p e r tu re  in  th e  w ire  cage as in  P a t te r s o n 's  
(1965) s tu d y , i t  seems c e r ta in  t h a t  th e  lambs hav ing  n e u ro lo g ic a l 
d i f f i c u l t i e s  would have exp ired  t h r o u ^  e i th e r  n o t b e in g  ab le  to  
am bulate to  th e  n ip p le  o r th ro u g h  f a i l u r e  to  o b ta in  m ilk  th ro u ^ i 
poor suck ing  a b i l i t y .
As to  th e  e f f e c t s  o f  i s o la t io n  on th e  subsequen t d ev e l­
opment o f  th e  in f a n t ,  th e  only  m easures u t i l i z e d  were th e  develop­
ment o r th e  r e te n t io n  o f  v is u a l  depth p e rc e p tio n . P a tte rs o n  (1965) 
in fe r r e d  from h is  comparison o f  unmothered and goggled-m othered 
lambs th a t  v is u a l  dep th  p e rc e p tio n  was n o t i t s e l f  dependent upon 
v is u a l ly  m ediated experience  9 6 /. This in fe re n c e  may w e ll 
be j u s t i f i e d  c o n sid e rin g  th e  experim en ta l p rocedure c a r r ie d  ou t 
by P a tte rs o n . Because o f th e  d if fe re n c e s  observed in  t h i s  study 
between th o se  lambs who had f u l l  v is u a l  experience  and th o se  who 
d id  n o t ,  p a r t i c u la r ly  in  reg ard  to  th e  number o f t r i a l s  req u ired  
to  re g a in  o r  to  develop v is u a l  dep th  p e rc e p tio n  a f t e r  i s o la t io n ,  
th e  f a c to r  o f  v is u a l  experience  should  be f u r th e r  ex p lo red . I t  i s  
l ik e ly  th a t  had P a tte rso n  compared v is u a l  depth  p e rc e p tio n  d ev e l­
opment in  goggled and ungoggled lambs which had been d iv ided  in to  
mothered and unmothered groups, he would have found s tro n g  i n t e r ­
a c tio n  e f f e c t s  between v is u a l  experience  and la c k  o f s tim u la tio n  
w ith  t h i s  c o n d itio n  having  th e  most d e v a s ta tin g  e f f e c t s  upon th e
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development o f  v is u a l  dep th  p e rc e p tio n . I t  seems th a t  in  th e  p re s ­
ence o f adequate m othering , v is u a l  experience  i s  n o t c r i t i c a l ;  
however, in  th e  absence o f  adequate m othering ( s t im u la t io n ) , v is u a l  
experience  ta k e s  on in c re a s in g  im portance.
A d d itio n a lly , th e  f a c t  t h a t  5 ou t o f  14- lambs which had 
once dem onstrated v is u a l  dep th  p e rc e p tio n  f a i l e d  to  dem onstrate 
th e  c r i t e r io n  response  w ith in  10 t r i a l s  (36 hours) a f t e r  th e  
is o la t io n  e x p e rien ce , c a s ts  doubt on any p rev io u s  re fe re n c e s  to  
v is u a l  depth  p e rc e p tio n  b e in g  i r r e v e r s ib le  (S k inner, 1968, p . 65). 
In  normal m other-neonate in te r a c t io n s ,  o r in  s i tu a t io n s  w here, 
a f t e r  an experim en tal p ro ced u re , th e  lamb h as  achieved th e  avo id ­
ance response  and i s  re tu rn e d  to  adequate s tim u la tio n  c o n d itio n s , 
th e  th eo ry  o f i r r e v e r s i b i l i t y  may h o ld . However, t h i s  study  sug­
g e s ts  t h a t  i s o la t io n  can a f f e c t  th e  r e te n t io n  o f  dep th  p e rc e p tio n  
a b i l i t y .  As 3 o f  th e se  above d esc rib ed  lambs had f u l l  v is u a l  
experience  and 3 d id  n o t d u rin g  th e  i s o la t io n  p e r io d , i t  i s  l i k e ly  
t h a t  th e  la c k  o f  c o n ta c t s t im u la tio n  and i t s  a f f e c t  on c e n tr a l  
m ed ia ting  p ro cesses  i s  th e  most c r i t i c a l  f a c to r .
P re n a ta l Treatm ent w ith  R onnel-based Vermifuge and F luphenazine
The th i r d  h y p o th e s is  t e s t i n g  a sp e c t o f  t h i s  study  was to  
v e r ify  th a t  th e  ro n n e l-b ased  verm ifuge fed  to  S k in n e r’s (1968) ewes 
subsequen tly  leng thened  th e  tim e b e fo re  t h e i r  lambs developed 
v is u a l  depth  p e rc e p tio n . For th e  o f f s p r in g  o f  th e  Group X ewes 
fed  ro n n e l in  th e  p re s e n t s tu d y , s ig n i f ic a n t  d if f e re n c e s  were found 
as compared to  th e  lambs o f  th e  C on tro l Group o f  ewes. However,
in  th e  p re se n t s tu d y , th e  mean hours to  th e  c r i t e r io n  avoidance 
response  was 11.02 hours where in  S k in n e r 's  c o n tro l group a mean 
o f  32 hours o b ta in ed . W hile an a ttem p t was made in  th e  p re se n t 
s tudy  to  r e p l ic a te  S k in n e r 's  ro n n e l-fee d in g  procedure e x a c tly , i t  
may have been th a t  th e  amount o f  ronnel adm in istered  p e r  feed in g  
t h i s  y e a r was n o t as  g re a t  o r as re g u la r  s in ce  an e s tim a te  dosage 
was made from a farm hand 's r e c a l l  as to  what was g iven  p re v io u s ly . 
I f  th e  in f lu e n c e  o f  ro n n e l i s  s tu d ie d  f u r th e r ,  p i l o t  study work 
would seem e s s e n t ia l  in  de term in ing  d i f f e r e n t i a l  e f f e c t s  o f  v a ry in g  
dosage le v e l s .
R egarding th e  p re n a ta l ly  adm in is te red  fluphenazine  
e n a n th a te , no dem onstrable n eg a tiv e  e f f e c t s  o f  the  drug were 
n o ted . A t no tim e d u rin g  th e  p re n a ta l  p e rio d  were s id e  e f f e c ts  
a s  d e sc rib ed  in  some su b je c ts  observed; w ith  th e  ex cep tion  o f  a 
d ecrease  in  r e s t le s s n e s s  d u rin g  th e  f i n a l  s ta g e s  o f  la b o r ,  no 
d i f f e r e n t i a l  e f f e c t s  o f  th e  drug were noted  during  th e  la b o r  and 
d e liv e ry  p ro c e ss . No in te r fe re n c e  w ith  l a c t a t i o n  occurred  in  th e  
drugged ewes.
S uggestions fo r  F u rth e r R esearch
The r e s u l t s  o f  t h i s  study  add f u r th e r  support to  th e  
im portance o f  adequate s t im u la tio n  le v e l s  in  th e  l i f e  o f  th e  
neonate  lamb. R esu lts  from th e  t e s t in g  o f  th e  a c t iv a t io n  le v e l  
and op tim al s t im u la tio n  le v e l  hypotheses imply th a t  in te n s i ty  o f 
s t im u la tio n  r a th e r  th an  p a tte rn in g  o f  s tim u la tio n  i s  th e  more 
c r i t i c a l  in  th e  adequate  development o f  v is u a l  depth  p e rc e p tio n  o f
105
th e  neonate  lamb. Support f o r  t h i s  can be gained from Bogan’s  (1958) 
o b se rv a tio n s  t h a t  in  ewes whose a c t iv a t io n  le v e ls  were low ered , th e  
modes o f b eh av io r t h r o u ^  which they  prov ided  c o n ta c t s tim u la tio n  
were th e  same, b u t th e  frequency and e f f o r t  which they  expended in  
making th e  c o n ta c t was reduced . I t  has a lso  been suggested  th a t  
w h ile  th e  neonate.lam b i s  capab le  o f  am bulating, e x p lo rin g  h is  
environm ent, and making v igorous a ttem p ts  to  g e t th e  mother to  r e a c t ,  
th e  s tim u la tio n  th e  lamb re c e iv e s  from t h i s  beh av io r i s  n o t adequate 
to  m ain ta in  th e  op tim al s tim u la tio n  le v e l  re q u ire d  in  th e  t o t a l  
s i tu a t io n .  I t  seems th a t  th e  in f a n t  re q u ire s  th e  s tim u lus o b je c t 
to  r e a c t  to  h is  e f f o r t .
These in fe re n c e s  m i ^ t  be explored f u r th e r  to  c l a r i f y  
th e  c r i t i c a l  s tim u lu s  c h a r a c te r i s t i c s  in  th e  optim al s tim u la tio n  
le v e l  s i tu a t io n .  For example, lambs m i ^ t  be p laced  w ith  an 
a r t i f i c a l  mother who would r e a c t  p a s s iv e ly  ( e .g . ,  move o r swing 
back) in  response  to  th e  lam bs’ c o n ta c ts  w ith  h e r ;  an o th er e x p e r i­
m ental group would be p laced  w ith  an a r t i f i c i a l  mother who, when 
nudged, would r e a c t  a c t iv e ly  ( e .g . ,  move or swing forward) en su rin g  
t h a t  c o n ta c t s tim u la tio n  was re tu rn e d . I f  lambs in  t h i s  l a t t e r  
s i tu a t io n  achieved a c r i t e r io n  avoidance response conparab le  to  
t h a t  o f  norm ally  mothered lam bs, a s tro n g e r  case m ight be made f o r  
th e  im portance o f  s tim u lu s  in te n s i ty  over s p e c ie s - s p e c i f ic  s tim u lu s  
p a t te r n s .
W ith th e  ex cep tion  o f  Baumgold’s (1967) study  o f th e  
e f f e c t s  o f a s tim u la n t drug on neonate lam bs, no work has been 
done w ith in  th e  p re s e n t  s e r ie s  o f sheep s tu d ie s  on th e  e f f e c t s  o f
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o v e r-s tim u la tio n . I f  th e  th eo ry  o f  op tim al s tim u la tio n  le v e l s  in  
th e  m other-neonate r e la t io n s h ip  h o ld s , in c re a s in g  s tim u la tio n  o f 
th e  neonate beyond a c e r ta in  p o in t  should r e s u l t  in  w ithdraw al 
b ehav io rs  o f th e  lamb and p o s s ib le  d iso rg a n iz in g  e f f e c t s  r e f le c te d  
in  th e  tim e o f  o n se t o f  v is u a l  dep th  p e rc p e tio n .
The op tim al s t im u la tio n  l e v e l  concept w ith in  th e  e a r ly  
mother (o r c a re ta k e r)  -  in f a n t  r e la t io n s h ip  has a h o s t o f  im p lica ­
t io n s  f o r  human developm ental s tu d y , and much re se a rc h  in p e tu s  has 
been seen in  t h i s  a rea  w ith in  th e  p a s t  f iv e  y e a rs . P e r tin e n t 
a p p lic a tio n s  o f  a c t iv a t io n  l e v e l  and optim al s tim u la tio n  le v e l  
th e o r iz in g  have and can be made to  th e  study o f o th e r  th an  "norm al” 
in f a n t  developm ent. For example, op tim al co n d itio n s  seem r e q u is i te  
f o r  th e  developm ental p ro c e sses  o f  in f a n ts  who a re  born a t  vary ing  
s ta g e s  o f  p re m a tu r ity , th o se  who a re  born  w ith  v a ry in g  k in d s  o f 
o bservab le  c o n g e n ita l d e fe c ts  such as c a rd iac  d e fe c ts ,  o ra l  
a b n o rm a litie s , and endocrine  d e f ic ie n c ie s  which c o n tr ib u te  to  
lowered a c t iv a t io n  l e v e l s ,  o r in fa n ts  d e tec te d  very  e a r ly  to  be 
m en ta lly  re ta rd e d , o r v is u a l ly  o r a u d i to r i ly  im paired . Most 
"norm al" human in fa n ts  a re  ad eq uate ly  equipped, g iven a "good" 
m othering s i tu a t io n ,  to  be ab le  to  p a r t i c ip a te  in  t h e i r  own stim u­
l a t i o n  le v e l  s i tu a t io n .  For th e  in f a n t  deprived  o f  th e  adequate 
endowment to  p a r t i c ip a te  a s  e f f e c t iv e ly ,  i t  would seem th a t  f u r th e r  
knowledge as to  th e  e x tra  e f f o r t s  needed on th e  p a r t  o f th e  p a ren t 
o r  c a re ta k e r  would be v a lu ab le  in  th e  p o s s ib le  p re v e n tio n  o f  fu r th e r  
d e f ic ie n t  fu n c tio n in g  o f th e  d e fe c tiv e  c h i ld .
CHAPTER VI 
SUMMARY
The in f lu e n c e  o f  s t im u la tio n  upon th e  d evelop ing  human 
and infra-hum an organism  from concep tion  to  m a tu rity  h as  been 
s u b je c t to  much re se a rc h  in  b o th  developm ental and com parative 
psychology. Of p a r t i c u l a r  i n t e r e s t  has been  th e  concep t o f  op­
tim a l s tim u la tio n  le v e l s  as they  m i ^ t  be r e la te d  to  v a rio u s  
c r i t i c a l  p e r io d s  in  p re n a ta l  and n e o n a ta l l i f e  and th e  e f f e c t iv e  
developm ent o f  v a rio u s  s k i l l s  b a s ic  to  s u rv iv a l .
P rev ious s tu d ie s  o f  bo th  human and infra-hum an m other- 
neonate  r e la t io n s h ip s  have c le a r ly  dem onstrated  th a t  d e p riv in g  
th e  in fa n t  o f  m othering c o n ta c t le a d s  to  subsequent d is ru p t io n  in  
th e  i n f a n t 's  developm ental p ro c e ss . T h is study ev a lu a ted  p rev io u s  
s tu d ie s  o f  v a ry in g  d is ru p te d  m other-neonate  r e la t io n s h ip s  in  sheep 
and th e  subsequent e f f e c t s  upon v is u a l  dep th  p e rc e p tio n  in  th e  
neonate  lamb. An a c t iv a t io n  le v e l  and op tim al s t im u la tio n  le v e l  
th e o ry  was u t i l i z e d  to  e x p la in  th e se  p a s t  r e s u l t s .  The a c t iv a t io n  
le v e l  fo rm u la tio n  proposed th a t  th e  developm ental p ro c e ss  o f  
v is u a l  depth  p e rc e p tio n  i s  d i r e c t ly  r e la te d  to  th e  op tim al s tim u­
l a t i o n  le v e l  in  th e  t o t a l  m other-neonate  r e la t io n s h ip .  T h is  op­
tim a l s t im u la tio n  l e v e l  i s  a b a lan ce  o f an i n t r i n s i c ,  ch ro n ic
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a c t iv a t io n  le v e l  o f  th e  lanib and th e  e x t r in s ic ,  t r a n s ie n t  acu te  
a c t iv a t io n  le v e l  which i s  p r im a r i ly  c o n tr ib u te d  to  by th e  a c tiv e  
s tim u lu s  o b je c t :  m other.
Two m ajor hypotheses were proposed in  t h i s  s tu d y . The 
r e s u l t s  dem onstrated t h a t  r e la t io n s h ip s  in  which th e  a c t iv a t io n  
le v e l  o f  the"m other i s  reduced th rough  d ru g s, th e  neonate  lamb 
w i l l  develop a c r i t e r io n  avoidance response  on a v is u a l  c l i f f  a t  
a s ig n i f ic a n t ly  l a t e r  age th an  c o n tro l lambs ex p erien c in g  an 
op tim al s tim u la tio n  le v e l  in  a normal m other-neonate r e l a t i o n ­
sh ip . In  a m other-neonate r e la t io n s h ip  in  which th e  a c t iv a t io n  
le v e l s  o f  bo th  th e  m other and in f a n t  have been low ered comparably 
t h r o u ^  d rugs, an op tim al s tim u la tio n  le v e l  seemed to  be main­
ta in e d  and lambs from t h i s  r e la t io n s h ip  d id  n o t d i f f e r  s i g n i f i ­
c a n tly  from c o n tro l lambs as to  th e  age o f  th e  development o f  
th e  c r i t e r io n  avoidance response oh a v is u a l  c l i f f .
In  an a ttem p t to  determ ine i f  a ro n n e l-b ased  verm ifuge 
fed to  p regnan t ewes in  a p a s t  s tudy  had c o n tr ib u te d  to  delayed 
o n se t o f v is u a l  depth  p e rc e p tio n  o f t h e i r  o f f s p r in g , a th i r d  
group o f  ewes were inc luded  in  t h i s  s tu d y . R esu lts  dem onstrated 
th a t  th e  organophosphate ro n n e l fed  to  ewes does c o n tr ib u te  to  
s ig n i f ic a n t  d if fe re n c e s  in  th e  perform ance o f  t h e i r  o f f s p r in g  on 
a v is u a l  c l i f f .
An e x p lo ra to ry  a sp e c t o f  t h i s  s tudy  was concerned w ith  
f u r th e r  d i f f e r e n t i a t in g  th e  concep ts o f  m aternal s e p a ra tio n  versus 
m ate rn al d e p r iv a tio n . W hile no f in e  d i s t in c t io n s  w ere found between
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two groups o f  lambs who were d i f f e r e n t i a l l y  i s o la te d  from a 
m othering r e la t io n s h ip ,  a c le a r ly  dem onstrated  th re e - s ta g e  b e ­
h a v io ra l  p a t te r n  in  response  to  senso ry  d e p r iv a tio n  was e s ta b ­
l i s h e d .  T es ts  o f  v is u a l  dep th  p e rc e p tio n  a f t e r  an i s o la t io n  
p e rio d  p rovided  a d d it io n a l  su p p o rt f o r  th e  n e c e s s i ty  o f  stim u­
la t i o n  fo r  adequate p e rc e p tu a l developm ent as w e ll a s  c a l le d  in to  
q u estio n  the  n o tio n  th a t  v is u a l  dep th  p e rc e p tio n  i s  r e s i s t a n t  to  
e x t in c t io n  once i t  has been a t ta in e d .
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APPENDIX I
MEAN HOURS TO CRITERION AVOIDANCE RESPONSE ON THE 
VISUAL CLIFF FOR ALL SHEEP STUDIES, 1965-1968
Study Mean Hours
P a tte rs o n  (1965)
Mothered lambs (Study 1) 3.15
Unmothered lambs 6.38
Goggled mothered lambs (Study 2) 5.30
Unmothered lambs 8.50
L i t t l e  (1966)
C ontro l (mothered) lambs 5.80
N ursing  r e s t r i c t e d 6.40
A c t iv i ty  o f ewe r e s t r i c t e d  (n u rs in g  allowed) 10.40
A c tiv i ty  o f  ewe r e s t r i c t e d  (n u rs in g  r e s t r ic te d ) 13.40
V isual and a u d ito ry  c o n ta c t only 15.80
F o s te r  m other; bo th  an o in ted  w ith  o i l  o f  an ise 18.60






C on tro l (mothered) lambs 7.07
T ranquxlized  lambs 28.67
Sedated lambs 30.13
S tim u la n t- tre a te d  lambs 5.17
M uscularly  re lax ed  lambs 14.72
S k inner (1968)
C on tro l (mothered) lambs 32.00
Magnesium Pemoline t r e a te d  lambs 17.81
Thyroxine t r e a te d  lambs 31.25
APPENDIX I I
DELIVERY DATA FOR ALL SHEEP STUDIES, 1965-PRESENT





Per cen t 
w ith  
M u lti-  
Lambs
N Number






Per cen t 
M u lti-  
B ir th  
Lambs
P a tte rso n
(1965)
42 14 33 56 28 28 50
L i t t l e
(1966)
34 9 26 43 25 18 42
Baumgold
(1967)
31 10 32 41 21 20 49
Skinner
(1968)
39 9 23 49 30 19 39
Chapman 48 17 35 65 31 34 52
D elivery  de fin ed  as  b i r t h  p ro ce ss  o f  one ewe re g a rd le s s  o f  
number o f in fa n ts  d e l iv e re d .
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APPENDIX III
PILOT DRUG OBSERVATION EXAMPLE
D ate: December 9 , 1967
S u b jec t: Ewe (2 days postpartum )
Drug: F luphenazine h y d ro ch lo rid e
Dose: 3/4- o f  human a d u l t  dosage
(3 /4  o f  1 /2  cc o r  .94  mg)
Route: In tram u sc u la r ly  in  neck t i s s u e
2:20 P.M. Ewe e a tin g
.94 rag drug g iven  in tra m u sc u la r ly  
Ewe b le a te d  re p e a te d ly ; w atches lamb 
Ewe allow ed lamb to  nurse
2:25 P.M. Lamb walked away about 1. fo o t
Ewe walked over and s n if fe d  anus o f lamb 
Chewing cud; e a rs  m om entarily down
2:28 P.M. Ewe s tan d in g ; head t i l t i n g
Ewe has d i f f i c u l t y  keep ing  eyes open 
Ewe h y p e rs e n s it iv e  to  sound; tu rn s  head sh a rp ly  in  
d i r e c t io n  o f  n o ise
2:30 P.M. Lamb la y  down; unno ticed  by ewe
2:31 P.M. Ewe s n if fe d  lamb; head low ered to  s n i f f  and had tro u b le  
g e t t in g  head up u n t i l  r a is e d  i t  sh a rp ly  when o b serv er 
c le a re d  th r o a t
2:32 P.M. Ewe tu rn ed  head; s n if fe d  lamb 
Lay down n ex t to  lamb 
Ewe yawning
2:33 P.M. Ewe made very  low b le a t  when lamb got up
Ewe h as  d i f f i c u l t y  h o ld in g  head up b u t a d ju s ted  
Lamb walked by ew e's head; ew e's head went down on th e  
ground a f t e r  what appeared l i k e  an e f f o r t  to  s n i f f  
lam b 's  anus as  i t  went by 
Ewe b le a te d  low ly ; lamb 7 f e e t  away
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2:37 P.M. Lamb la y  down by s e l f  7 f e e t  away a f t e r  s n i f f in g  th e  
ground
Ewe s t i l l  ly in g  down w ith  head up, b u t eyes c lo sed
2:4-0 P.M. Ewe and lamb s t i l l  in  same p o s i t io n
Ewe has head up , b u t eyes c lo se d ; ewe n o t respond ing  
to  banging m etal on shed
2:4-9 P.M. Ewe la y  head down; b re a th in g  deep and re g u la r  
Lamb s t i l l  a lo n e , ly in g  down 7 f e e t  away
2:50 P.M. Ewe's head ro l le d  over on ground, b u t im m ediately p icked  
up a l e r t  to  d i s t a n t ,  b u t sharp  n o ise  in  th e  f i e ld  
Ewe b le a te d  low ly ; c u rle d  upper l i p  
Lamb did  n o t respond
2:55 P.M. Ewe go t up and went up to  lamb and s n if fe d  i t .  No 
response  from lamb 
Ewe walked up to  feed in g  t r a y
2:57 P.M. Ewe b le a te d ;  e a tin g  a l f a l f a
Lamb co n tin u es  t o ' l a y  in  same sp o t w ith  head down
3:05 P.M. Lamb s t i l l  " s le e p in g ” ; Ewe w alk ing  slow ly around a l f a l f a  
and e a tin g
O bserver woke lamb up and p laced  by mother 
Much n u z z lin g  by lamb to  f in d  t e a t ;  Ewe s n if fe d  lam b’s 
anus ( in te r a c t io n  seemed ’’norm al")
Ewe allow ed lamb to  n u rse ; lamb punching hard  in  t e a t  
a re a ;  found t e a t  a f t e r  3 punches (Lamb nursed  l i t t l e  
over 1 m inute)
3:09 P.M. Ewe walked away; lamb follow ed
Ewe b le a te d ;  lamb a ttem pted  to  n u rse , b u t ewe walks 
away and i s  10 f e e t  from lamb 
Lamb a ttem p ts  to  n ib b le  hay 
Ewe chewing cud
3:13 P.M. Ewe appeared h y p e rs e n s it iv e  to  ranch hands w alk ing  and
ta lk in g  about 100 f e e t  away; b le a te d  
Lamb la y  down and im m ediately t r i e d  to  g e t up ; h ind  
le g s  only seem to  fu n c tio n ; lamb t r i e d  3 tim es to  
g e t up; th en  walked to  ewe and attem pted  to  n u rse ; 
punching hard  to  f in d  t e a t
3:15 P.M. Ewe walks away; lamb t r o t s  a f t e r  h e r n u zz lin g  fo r  t e a t ,
b u t ewe co n tin u es  to  w alk away
3:17 P.M. Ewe walks back to  lamb and s n i f f s  lamb’s anus
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3:20 P.M. Lamb la y  down between w a ll and garbage can about 3 f e e t  
away from ewe
3:21 P.M. Lamb g e ts  up w ith  c o n sid e ra b le  d i f f i c u l ty  w ith  f r o n t  
le g s  again  
Lamb walks to  ewe and s n i f f s  h e r  anus 
Ewe la y s  down; lamb s ta n d in g  by ewe’s rump
3:24- P.M. Lamb has con tinued  to  s tan d  by ewe’s rump
Lamb yawns; t r i e d  to  p u t f r o n t  f e e t  up on ewe’s rump
3:26 P.M. Lamb moved away from ewe; edged sh a k ily  a g a in s t  th e  
w a ll
Lamb stood  between w a ll and garbage can; yawning 
Lamb has head down w ith  a rch  in  neck;
Motor c o o rd in a tio n  appears s t i f f ;  w alking slow ly back 
to  ewe edging a g a in s t  th e  w a ll 
S n iffed  ewe
Ewe’ s eyes h a l f - l id d e d ,  chewing cud 
Lamb la y  down n e x t to  ewe
4:00 P.M. Ewe and lamb in  same p o s i t io n
4:30 P.M. Ewe and lamb in  same p o s i t io n
4:45 P.M. Ewe s tan d in g  3 f e e t  away from lamb; lamb ly in g  down 
awake
5:00 P.M. Ewe seems more a c t iv e ;  lamb up and about w ith  no motor 
d i f f i c u l ty
APPENDIX IV
AMOUNT OF INITIAL DOSAGE OF FLUPHENAZINE HYDROCHLORIDE 
TO GROUP C-2 EWES BEFORE ONSET OF TYPICAL INITIAL 
DRUG REACTION® AND LOWERED ACTIVATION LEVEL
Ewe Number Amount o f  Drug^ 









4-8 (tw in lambs) 2.00
^T ypical drug re a c tio n :  yawning, low ered e a r s ,  low ered head,
and f ix e d  v is u a l  s ta r e  fo llow ed by pawing w ith  f r o n t  le g s .




NUMBER OF LAMBS DEMONSTRATING SELF-STIMULATION 
BEHAVIORS DURING ISOLATION EXPERIENCE
B eh a v io rs
I s o l a t i o n  C o n d itio n s N P ac in g Jump
on
W ire
L eap in g Head
T w irl





F lo o r
Body
S p in
M ate rn a l D e p r iv a tio n  
F u l l  V is io n  a llo w ed 7 0 7 7 7 7 7 2 0
F u l l  V is io n  D enied 7 4 6 5 4 3 1 2
T o ta l m 4 11 13 12 11 10 3 2
M ate rn a l S e p a ra t io n  
F u l l  V is io n  A llow ed 7 0 6 7 7 6 6 4 0
F u l l  V is io n  D enied 7 5 4 7 7 4 3 2 0
T o ta l m 5 10 14 14 10 9 6 0
Hro
APPENDIX VI
NUMBER OF MATERNAL DEPRIVATION AND MATERNAL SEPARATION 
LAMBS HAVING FEEDING AND MOTOR PROBLEMS
I s o l a t i o n  C o n d itio n s
Problem s
N F eed in g  M otor F eed in g  & M otor F eed in g  & /o r M otor
F u l l  V is io n  A llow ed 
M a te rn a l D e p r iv a tio n  
M a te rn a l S e p a ra t io n
T o ta l  
F u l l  V is io n  D enied 
M a te rn a l D e p r iv a tio n  
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APPENDIX VII
MEAN NUMBER OF BEHAVIORAL ELEMENTS PER THIRTY 
MINUTE INTERVAL FOR ALL GROUPS OF EWES 
AND LAMBS
Time I n te r v a l in  M inutes
Groups N 0 - 30 30 -  60 60 -  90 90 -  120
C ontro l Group
Ewes 6 47.0 35.0 26.2 20.7
Lambs 5 38.7 40.1 25.8 23.8
Group C-2®
Ewes 48.2 21.8 13.0 5 .8
Lambs 53.2 33.0 38.5 14.8
b
Group H
Ewes M- 64.0 21.8 19.0 13.0
Lambs M- 50.8 29.0 21.5 10.2
^ A c tiv ity  l e v e l  o f  ewe low ered .
^O ptim al, b u t low ered s tim u la tio n  le v e l .
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